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TECHNICAL FIELD 

The present invention relates generally to plant molecular biology. More 
specifically, it relates to nucleic acids and methods for modulating their expression in 
plants. 
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BACKGROUND OF THE INVENTION 

Plant development is partially dependent on the plant's response to a variety of 
environmental signals. For example, the development of root systems is, in part, a 
response to the availability and distribution of moisture and nutrients within the soil. 

In particular, lateral root development in Arabidopsis in response to N0 3 - is 
characterized by two distinct pathways. First, an increased rate of lateral root 
elongation is a localized, direct response to the presence of N0 3 " in the root zone. 
(Zhang et a/., PNAS 96:6529-6534 (1999); Zhang and Forde, J. of Experimental 
Botany 51(342):51-59 (2000)) In this aspect the N0 3 ~ ion appears to function as a 
signal rather than as a nutrient. (Zhang and Forde, Science 279:407-409 (1998)) 
Second, accumulation of high concentrations of N0 3 ' and other nitrogen compounds 
in the shoot is correlated with a inhibition of root growth through a systemic effect on 
25 lateral root meristem activation. (Zhang et al., 1999, supra) A N0 3 " inducible gene in 
Arabidopsis (ANR1), expressed preferentially in roots, encodes a transcription factor 
belonging to the MADS-box family. Sense or antisense suppression of ANR1 
causes altered plant sensitivity to N0 3 ", and lateral root proliferation in N0 3 " rich 
zones is reduced. These results indicate that ANR1 is a key determinant of 
30 developmental plasticity in Arabidopsis roots. (Zhang and Forde, 1998, supra) It is 
suggested that the ANR1 gene product is a component of the signal transduction 



pathway linking external N0 3 "to increased lateral root proliferation and that the N0 3 " 
response pathway and the auxin-response pathway overlap. (Zhang et al., 1999, 
supra) 

Manipulation of a nitrate-responsive gene such as ANR1 in agronomic crops 
5 could be of value in maximizing plant utilization of available nitrogen and in 

reducing agricultural nitrogen inputs, providing economic and environmental benefits. 
Improved control of lateral root proliferation could have useful applications in soil 
remediation and in prevention of soil erosion. Increased root biomass may be 
beneficial in production of specific structural carbohydrates in the roots themselves, 
10 or in improving plant output of specialty compounds, including plastics, proteins, 

secondary metabolites, and the like. Manipulation of nitrate-responsive genes could 
also be useful in stimulating root proliferation of cuttings taken for plant propagation, 
especially in ornamental and woody species. 

15 SUMMARY OF THE INVENTION 

Generally, it is the object of the present invention to provide nucleic acids and 
proteins relating to a root transcriptional factor. It is an object of the present invention 
to provide transgenic plants comprising the nucleic acids of the present invention, and 
methods for modulating, in a transgenic plant, the expression of the nucleic acids of 

20 the present invention. 

Therefore, in one aspect the present invention relates to an isolated nucleic 
acid comprising a member selected from the group consisting of (a) a polynucleotide 
having a specified sequence identity to a polynucleotide of the present invention; (b) 
a polynucleotide which is complementary to the polynucleotide of (a); and, (c) a 

25 polynucleotide comprising a specified number of contiguous nucleotides from a 
polynucleotide of (a) or (b). The isolated nucleic acid can be DNA. 

In other aspects the present invention relates to: 1) recombinant expression 
cassettes, comprising a nucleic acid of the present invention operably linked to a 
promoter, 2) a host cell into which has been introduced the recombinant expression 

30 cassette, and 3) a transgenic plant comprising the recombinant expression cassette. 
The host cell or plant is optionally a maize cell or maize plant, respectively. 
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Definitions 

Units, prefixes, and symbols may be denoted in their SI accepted form. 
Unless otherwise indicated, nucleic acids are written left to right in 5 1 to 3' orientation; 
5 amino acid sequences are written left to right in amino to carboxyl orientation, 
respectively. Numeric ranges recited within the specification are inclusive of the 
numbers defining the range and include each integer within the defined range. Amino 
acids may be referred to herein by either their commonly known three letter symbols 
or by the one-letter symbols recommended by the IUPAC-IUB Biochemical 
10 Nomenclature Commission. Nucleotides, likewise, may be referred to by their 
commonly accepted single-letter codes. Unless otherwise provided for, software, 
electrical, and electronics terms as used herein are as defined in The New IEEE 
Standard Dictionary of Electrical and Electronics Terms (5 th edition, 1 993). The terms 
defined below are more fully defined by reference to the specification as a whole. 
15 By "amplified" is meant the construction of multiple copies of a nucleic acid 

sequence or multiple copies complementary to the nucleic acid sequence using at 
least one of the nucleic acid sequences as a template. Amplification systems include 
the polymerase chain reaction (PCR) system, ligase chain reaction (LCR) system, 
nucleic acid sequence based amplification (NASBA, Cangene, Mississauga, Ontario), 
20 Q-Beta Replicase systems, transcription-based amplification system (TAS), and 
strand displacement amplification (SDA). See, e.g., Diagnostic Molecular 
Microbiology: Principles and Applications, D. H. Persing et a/., Ed., American Society 
for Microbiology, Washington, D.C. (1993). The product of amplification is termed an 
amplicon. 

25 As used herein, "antisense orientation" includes reference to a duplex 

polynucleotide sequence that is operably linked to a promoter in an orientation where 
the antisense strand is transcribed. The antisense strand is sufficiently 
complementary to an endogenous transcription product such that translation of the 
endogenous transcription product is often inhibited. 

30 By "encoding" or "encoded", with respect to a specified nucleic acid, is meant 

comprising the information for translation into the specified protein. A nucleic acid 




encoding a protein may comprise non-translated sequences (e.g., introns) within 
translated regions of the nucleic acid, or may lack such intervening non-translated 
sequences (e.g., as in cDNA). The information by which a protein is encoded is 
specified by the use of codons. Typically, the amino acid sequence is encoded by 
5 the nucleic acid using the "universal" genetic code. However, variants of the 

universal code, such as are present in some plant, animal, and fungal mitochondria, 
the bacterium Mycoplasma capricolum, or the ciliate Macronucleus, may be used 
when the nucleic acid is expressed therein. 

When the nucleic acid is prepared or altered synthetically, advantage can be 
10 taken of known codon preferences of the intended host where the nucleic acid is to 
be expressed. For example, although nucleic acid sequences of the present 
invention may be expressed in both monocotyledonous and dicotyledonous plant 
species, sequences can be modified to account for the specific codon preferences 
and GC content preferences of monocotyledons or dicotyledons as these preferences 
15 have been shown to differ (Murray et al. Nucl. Acids Res. 17: 477-498 (1989)). Thus, 
the maize preferred codon for a particular amino acid may be derived from known 
gene sequences from maize. Maize codon usage for 28 genes from maize plants is 
listed in Table 4 of Murray et al., supra. 

As used herein "full-length sequence" in reference to a specified 
20 polynucleotide or its encoded protein means having the entire amino acid sequence 
of, a native (non-synthetic), endogenous, biologically active form of the specified 
protein. Methods to determine whether a sequence is full-length are well known in the 
art including such exemplary techniques as northern or western blots, primer 
extension, S1 protection, and ribonuclease protection. See, e.g., Plant Molecular 
25 Biology: A Laboratory Manual, Clark, Ed., Springer-Verlag, Berlin (1 997). 

Comparison to known full-length homologous (orthologous and/or paralogous) 
sequences can also be used to identify full-length sequences of the present invention. 
Additionally, consensus sequences typically present at the 5' and 3' untranslated 
regions of mRNA aid in the identification of a polynucleotide as full-length. For 
30 example, the consensus sequence ANNNN AUG G, where the underlined codon 

represents the N-terminal methionine, aids in determining whether the polynucleotide 

5 




has a complete 5' end. Consensus sequences at the 3' end, such as polyadenylation 
sequences, aid in determining whether the polynucleotide has a complete 3' end. 

The term "gene activity" refers to one or more steps involved in gene 
expression, including transcription, translation, and the functioning of the protein 
5 encoded by the gene. 

As used herein, "heterologous" in reference to a nucleic acid is a nucleic acid 
that originates from a foreign species, or, if from the same species, is substantially 
modified from its native form in composition and/or genomic locus by deliberate 
human intervention. For example, a promoter operably linked to a heterologous 
10 structural gene is from a species different from that from which the structural gene 
was derived, or, if from the same species, one or both are substantially modified from 
their original form. A heterologous protein may originate from a foreign species or, if 
from the same species, is substantially modified from its original form by deliberate 
human intervention. 

15 By "host cell" is meant a cell which contains a vector and supports the 

replication and/or expression of the vector. Host cells may be prokaryotic cells such 
as E. coli, or eukaryotic cells such as yeast, insect, amphibian, or mammalian cells. 
Preferably, host cells are monocotyledonous or dicotyledonous plant cells. A 
particularly preferred monocotyledonous host cell is a maize host cell. 

20 The term "introduced" in the context of inserting a nucleic acid into a cell, 

means "transfection" or "transformation" or "transduction" and includes reference to 
the incorporation of a nucleic acid into a eukaryotic or prokaryotic cell where the 
nucleic acid may be incorporated into the genome of the cell (e.g., chromosome, 
plasmid, plastid or mitochondrial DNA), converted into an autonomous replicon, or 

25 transiently expressed (e.g., transfected mRNA). 

The term "isolated" refers to material, such as a nucleic acid or a protein, 
which is: (1) substantially or essentially free from components which normally 
accompany or interact with it as found in its natural environment. The isolated 
material optionally comprises material not found with the material in its natural 

30 environment; or (2) if the material is in its natural environment, the material has been 
synthetically altered or synthetically produced by deliberate human intervention 
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and/or placed at a different location within the cell. The synthetic alteration or 
creation of the material can be performed on the material within or apart from its 
natural state. For example, a naturally-occurring nucleic acid becomes an isolated 
nucleic acid if it is altered or produced by non-natural, synthetic methods, or if it is 
5 transcribed from DNA which has been altered or produced by non-natural, synthetic 
methods. See, e.g., Compounds and Methods for Site Directed Mutagenesis in 
Eukaryotic Cells, Kmiec, U.S. Patent No. 5,565,350; In Vivo Homologous Sequence 
Targeting in Eukaryotic Cells; Zarling et a/., PCT/US93/03868. The isolated nucleic 
acid may also be produced by the synthetic re-arrangement ("shuffling") of a part or 
10 parts of one or more allelic forms of the gene of interest. Likewise, a naturally- 
occurring nucleic acid (e.g., a promoter) becomes isolated if it is introduced to a 
different locus of the genome. Nucleic acids which are "isolated," as defined herein, 
are also referred to as "heterologous" nucleic acids. 

Unless otherwise stated, the term "root transcriptional factor nucleic acid" is a 
nucleic acid of the present invention and means a nucleic acid comprising a 
polynucleotide of the present invention (a "root transcriptional factor polynucleotide") 
encoding a root transcriptional factor polypeptide. A "root transcriptional factor gene- 
is a gene of the present invention and refers to a full-length root transcriptional factor 
polynucleotide. 

As used herein, "nucleic acid" includes reference to a deoxyribonucleotide or 
ribonucleotide polymer, or chimeras thereof, in either single- or double-stranded form, 
and unless otherwise limited, encompasses known analogues having the essential 
nature of natural nucleotides in that they hybridize to single-stranded nucleic acids in 
a manner similar to naturally occurring nucleotides (e.g., peptide nucleic acids). 

By "nucleic acid library" is meant a collection of isolated DNA or RNA 
molecules which comprise and substantially represent the entire transcribed fraction 
of a genome of a specified organism or of a tissue from that organism. Construction 
of exemplary nucleic acid libraries, such as genomic and cDNA libraries, is taught in 
standard molecular biology references such as Berger and Kimmel, Guide to 
Molecular Cloning Techniques, Methods in Enzymology, Vol. 152, Academic Press, 
Inc., San Diego, CA (Berger); Sambrook et a/., Molecular Cloning - A Laboratory 
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Manual, 2nd ed., Vol. 1-3 (1989); and Current Protocols in Molecular Biology, F.M. 
Ausubel et a/., Eds., Current Protocols, a joint venture between Greene Publishing 
Associates, Inc. and John Wiley & Sons, Inc. (1994). 

As used herein "operably linked" includes reference to a functional linkage 
between a promoter and a second sequence, wherein the promoter sequence 
initiates and mediates transcription of the DNA sequence corresponding to the 
second sequence. Generally, operably linked means that the nucleic acid sequences 
being linked are contiguous and, where necessary to join two protein coding regions, 
contiguous and in the same reading frame. 

As used herein, the term "plant" includes reference to whole plants, plant parts 
or organs (e.g., leaves, stems, roots, etc.), plant cells, seeds and progeny of same. 
Plant cell, as used herein, further includes, without limitation, cells obtained from or 
found in: seeds, suspension cultures, embryos, meristematic regions, callus tissue, 
leaves, roots, shoots, gametophytes, sporophytes, pollen, and microspores. Plant 
cells can also be understood to include modified cells, such as protoplasts, obtained 
S from the aforementioned tissues. The class of plants which can be used in the 
1 methods of the invention is generally as broad as the class of higher plants amenable 
, to transformation techniques, including both monocotyledonous and dicotyledonous 
3 plants. A particularly preferred plant is Zea mays. 
% 20 As used herein, "polynucleotide" includes reference to a 

5 deoxyribopolynucleotide, ribopolynucleotide, or chimeras or analogs thereof that have 
the essential nature of a natural deoxy- or ribo- nucleotide in that they hybridize, 
under stringent hybridization conditions, to substantially the same nucleotide 
sequence as naturally occurring nucleotides and/or allow translation into the same 
amino acid(s) as the naturally occurring nucleotide(s). A polynucleotide can be full- 
length or a subsequence of a native or heterologous structural or regulatory gene. 
Unless otherwise indicated, the term includes reference to the specified sequence as 
well as the complementary sequence thereof. Thus, DMAs or RNAs with backbones 
modified for stability or for other reasons are "polynucleotides" as that term is intended 
herein. Moreover, DNAs or RNAs comprising unusual bases, such as inosine, or 
modified bases, such as tritylated bases, to name just two examples, are 
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polynucleotides as the term is used herein. It will be appreciated that a great variety of 
modfications have been made to DNA and RNA that serve many useful purposes 
known to those of skill in the art. The term polynucleotide as it is employed here.n 
embraces such chemically-, enzymatically- or metabolically-modified forms of 
polynucleotides, as well as the chemical forms of DNA and RNA characteristic of 
viruses and cells, including among other things, simple and complex cells. 

The terms "polypeptide", "peptide" and "protein" are used interchangeably 
herein to refer to a polymer of amino acid residues. The terms apply to amino acid 
polymers in which one or more amino acid residue is an artificial chemical analogue 
of a corresponding naturally-occurring amino acid, as well as to naturally-occurr.ng 
amino acid polymers. The essential nature of such analogues of naturally-occumng 
amino acids is that, when incorporated into a protein, that protein is specifically 
reactive to antibodies elicited to the same protein but consisting entirely of naturally 
occurring amino acids. The terms "polypeptide", "peptide" and "protein" are also 
inclusive of modifications including, but not limited to, glycosylate, lipid attachment, 
sulfation, gamma-carboxylation of glutamic acid residues, hydroxylation and ADP- 
ribosylation. Further, this invention contemplates the use of both the methionine- 
containing and the methionine-less amino terminal variants of the protein of the 
invention. 

As used herein "promoter" includes reference to a region of DNA upstream 
from the start of transcription and involved in recognition and binding of RNA 
polymerase and other proteins to initiate transcription. A "plant promoter" is a 
promoter capable of initiating transcription in plant cells whether or not its orig.n .s a 
plant cell. Exemplary plant promoters include, but are not limited to, those that are 
obtained from plants, plant viruses, and bacteria which comprise genes expressed in 
plant cells such Agrobacterium or Rhizobium. Examples of promoters under 
developmental control include promoters that preferentially initiate transcription .n 
certain tissues, such as leaves, roots, or seeds. Such promoters are referred to as 
"tissue preferred". Promoters which initiate transcription only in certain tissue are 
referred to as "tissue specific". A "cell type" specific promoter primarily drives 
expression in certain cell types in one or more organs, for example, vascular cells in 



roots or leaves. An "inducible" or "repressive" promoter is a promoter wh.ch « under 
environmental control. Examples of environmental conditions that may effect 
transcription by inducible promoters include anaerobic conditions or the presence of 
light Tissue specific, tissue preferred, cell type specific, and inducible promoters 
represent the class of "non-constitutive" promoters. A "constitutive" promoter ,s a 
promoter which is active under most environmental conditions. 

The term "root transcriptional factor polypeptide" is a polypeptide of the 
present invention and refers to one or more amino acid sequences, in glycosylated or 
non-glycosylated form. The term is also inclusive of fragments, variants, homologs, 
alleles or precursors (e.g., paraproteins or proproteins) thereof. A "root 
transcriptional factor protein" is a protein of the present invention and comprises a 
root transcriptional factor polypeptide. 

As used herein "recombinant" includes reference to a cell or vector that has 
been modified by the introduction of a heterologous nucleic acid, or to a cell derived 
from a cell so modified. Thus, for example, recombinant cells express genes that are 
not found in identical form within the native (non-recombinant) form of the cell, or 
exhibit altered expression of native genes, as a result of deliberate human 
intervention. The term "recombinant" as used herein does not encompass the 
alteration of the cell or vector by events (e.g., spontaneous mutation, natural 
transformation, transduction, or transposition) occurring without deliberate human 
intervention . 

As used herein, a "recombinant expression cassette" is a nucleic acid 
construct, generated recombinant^ or synthetically, with a series of specified nucle.c 
acid elements which permit transcription of a particular nucleic acid ,n a host cell. 
The recombinant expression cassette can be incorporated into a plasm.d, 
chromosome, mitochondrial DNA, plastid DNA, virus, or nucleic acid fragment. 
Typically, the recombinant expression cassette portion of an expression vector 
includes, among other sequences, a nucleic acid to be transcribed, and a promoter. 

The term "residue" or "amino acid residue" or "amino acid" are used 
interchangeably herein to refer to an amino acid that is incorporated into a protein, 
polypeptide, or peptide (col.ective.y "protein"). The amino acid may be a naturally 
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occurring amino acid and, unless otherwise limited, may encompass non-natural 
analogs of natural amino acids that can function in a similar manner as naturally 

occurring amino acids. 

The term "selectively hybridizes" includes reference to hybridization, under 
stringent hybridization conditions, of a nucleic acid sequence to a specified nucleic 
acid target sequence to a detectably greater degree (e.g., at least 2-fold over 
background) than its hybridization to non-target nucleic acid sequences and to the 
substantial exclusion of non-target nucleic acids. Selectively hybridizing sequences 
typically have about at least 80% sequence identity, preferably 90% sequence 
identity, and most preferably 100% sequence identity (i.e., complementary) with each 
other. 

The term "stringent conditions" or "stringent hybridization conditions" includes 
reference to conditions under which a probe will selectively hybridize to its target 
sequence, to a detectably greater degree than to other sequences (e.g., at least 2- 
fold over background). Stringent conditions are sequence-dependent and will be 
different in different circumstances. By controlling the stringency of the hybridization 
and/or washing conditions, target sequences can be identified which are 100% 
complementary to the probe (homologous probing). Alternatively, stringency 
conditions can be adjusted to allow some mismatching in sequences so that lower 
degrees of similarity are detected (heterologous probing). Generally, a probe is less 
than about 1000 nucleotides in length, optionally less than 500 nucleotides in length. 

Typically, stringent conditions will be those in which the salt concentration is 
less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na ion concentration (or 
other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short 
probes (e.g., 10 to 50 nucleotides) and at least about 60°C for long probes (e.g., 
greater than 50 nucleotides). Stringent conditions may also be achieved with the 
addition of destabilizing agents such as formamide. Exemplary low stringency 
conditions include hybridization with a buffer solution of 30 to 35% formamide, 1 M 
NaCI, 1% SDS (sodium dodecyl sulphate) at 37°C, and a wash in 1X to 2X SSC (20X 
SSC = 3.0 M NaCI/0.3 M trisodium citrate) at 50 to 55°C. Exemplary moderate 
stringency conditions include hybridization in 40 to 45% formamide, 1 M NaCI, 1% 
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SDS at 37° C, and a wash in 0.5X to 1X SSC at 55 to 60X. Exemplary high 
stringency conditions include hybridization in 50% formamide, 1 M NaCI, 1% SDS at 
37°C, and a wash in 0.1X SSC at 60 to 65°C. 

Specificity is typically the function of post-hybridization washes, the critical 
factors being the ionic strength and temperature of the final wash solution. For DNA- 
DNA hybrids, the T m can be approximated from the equation of Meinkoth and Wahl, 
Anal. Biochem., 138:267-284 (1984): T m = 81.5 X + 16.6 (log M) + 0.41 (%GC) - 
0.61 (% form) - 500/L; where M is the molarity of monovalent cations, %GC is the 
percentage of guanosine and cytosine nucleotides in the DNA, % form is the 
percentage of formamide in the hybridization solution, and L is the length of the 
hybrid in base pairs. The T m is the temperature (under defined ionic strength and pH) 
at which 50% of a complementary target sequence hybridizes to a perfectly matched 
probe T m is reduced by about 1 °C for each 1 % of mismatching; thus, T m . 
hybridization and/or wash conditions can be adjusted to hybridize to sequences of the 
desired identity. For example, if sequences with >90% identity are sought, the T m 
can be decreased 10"C. Generally, stringent conditions are selected to be about 5°C 
lower than the thermal melting point (T m ) for the specific sequence and its 
complement at a defined ionic strength and pH. However, severely stringent 
conditions can utilize a hybridization and/or wash at 1 , 2, 3, or 4 °C lower than the 
thermal melting point (T m ); moderately stringent conditions can utilize a hybnd.zat.on 
and/or wash at 6, 7, 8, 9, or 10 °C lower than the thermal melting point (T m ); low 
stringency conditions can utilize a hybridization and/or wash at 1 1 , 12, 13, 14, 15, or 
20 °C lower than the thermal melting point (T m ). Using the equation, hybridization 
and wash compositions, and desired T m , those of ordinary skill will understand that 
variations in the stringency of hybridization and/or wash solutions are inherently 
described. If the desired degree of mismatching results in a T m of less than 45 °C 
(aqueous solution) or 32 X (formamide solution) it is preferred to increase the SSC 
concentration so that a higher temperature can be used. An extensive guide to the 
hybridization of nucleic acids is found in Tijssen, Laboratory Techniques in 
Biochemistry and Molecular Biology-Hybridization with Nucleic Acid Probes, Part I, 
Chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid 
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probe assays", Elsevier, New York (1993); and Current Protocols in Molecular 
Biology, Chapter 2, Ausubel, et a/., Eds., Greene Publishing and Wiley-lnterscience, 
New York (1995). Hybridization and/or wash conditions can be applied for at least 
10, 30, 60, 90, 120, or 240 minutes. 

As used herein, "transcription factor" includes reference to a protein which 
interacts with a DNA regulatory element to affect expression of a structural gene or 
expression of a second regulatory gene. "Transcription factor" may also refer to the 
DNA encoding said transcription factor protein. The function of a transcription factor 
may include activation or repression of transcription initiation. 

As used herein, "transgenic plant" includes reference to a plant which 
comprises within its genome a heterologous polynucleotide. Generally, the 
heterologous polynucleotide is stably integrated within the genome such that the 
polynucleotide is passed on to successive generations. The heterologous 
polynucleotide may be integrated into the genome alone or as part of a recombinant 
expression cassette. "Transgenic" is used herein to include any cell, cell line, callus, 
tissue, plant part or plant, the genotype of which has been altered by the presence of 
heterologous nucleic acid including those transgenics initially so altered as well as 
those created by sexual crosses or asexual propagation from the initial transgenic. 
The term "transgenic" as used herein does not encompass the alteration of the 
genome (chromosomal or extra-chromosomal) by conventional plant breeding 
methods or by naturally occurring events such as random cross-fertilization, non- 
recombinant viral infection, non-recombinant bacterial transformation, non- 
recombinant transposition, or spontaneous mutation. 

As used herein, "vector" includes reference to a nucleic acid used in 
introduction of a polynucleotide of the present invention into a host cell. Vectors are 
often replicons. Expression vectors permit transcription of a nucleic acid inserted 
therein. 

The following terms are used to describe the sequence relationships between 
a polynucleotide/polypeptide of the present invention with a reference 
polynucleotide/polypeptide: (a) "reference sequence", (b) "comparison window", (c) 
"sequence identity", and (d) "percentage of sequence identity". 

13 



(a) As used herein, "reference sequence" is a defined sequence used as a 
basis for sequence comparison with a polynucleotide/polypeptide of the present 
invention. A reference sequence may be a subset or the entirety of a specified 
sequence; for example, as a segment of a full-length cDNA or gene sequence, or the 

5 complete cDNA or gene sequence. 

(b) As used herein, "comparison window" includes reference to a contiguous 
and specified segment of a polynucleotide/polypeptide sequence, wherein the 
polynucleotide/polypeptide sequence may be compared to a reference sequence and 
wherein the portion of the polynucleotide/polypeptide sequence in the comparison 

10 window may comprise additions or deletions (i.e., gaps) compared to the reference 
sequence (which does not comprise additions or deletions) for optimal alignment of 
the two sequences. Generally, the comparison window is at least 20 contiguous 
nucleotides/amino acids residues in length, and optionally can be 30, 40, 50, 100, or 
longer. Those of skill in the art understand that to avoid a high similarity to a 

15 reference sequence due to inclusion of gaps in the polynucleotide/polypeptide 

sequence, a gap penalty is typically introduced and is subtracted from the number of 
matches. 

Methods of alignment of sequences for comparison are well-known in the art. 
Optimal alignment of sequences for comparison may be conducted by the local 
20 homology algorithm of Smith and Waterman, Adv. Appl. Math. 2: 482 (1981); by the 
homology alignment algorithm of Needleman and Wunsch, J. Mol. Biol. 48: 443 
(1970); by the search for similarity method of Pearson and Lipman, Proc. Natl. Acad. 
Sci. 85: 2444 (1988); by computerized implementations of these algorithms, 
including, but not limited to: CLUSTAL in the PC/Gene program by Intelligences, 

25 Mountain View, California; GAP, BESTFIT, BLAST, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer Group (GCG), 575 
Science Dr., Madison, Wisconsin, USA; the CLUSTAL program is well described by 
Higgins and Sharp, Gene 73: 237-244 (1988); Higgins and Sharp, CABIOS 5: 
151-153 (1989); Corpet, et ai, Nucleic Acids Research 16: 10881-90 (1988); Huang, 

30 et ai, Computer Applications in the Biosciences 8: 1 55-65 (1992), and Pearson, et 
ai, Methods in Molecular Biology 24:307-331 (1994). 
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The BLAST family of programs which can be used for database similarity 
searches includes: BLASTN for nucleotide query sequences against nucleotide 
database sequences; BLASTX for nucleotide query sequences against protein 
database sequences; BLASTP for protein query sequences against protein database 
sequences; TBLASTN for protein query sequences against nucleotide database 
sequences; and TBLASTX for nucleotide query sequences against nucleotide 
database sequences. See, Current Protocols in Molecular Biology, Chapter 19, 
Ausubel, et a/., Eds., Greene Publishing and Wiley-lnterscience, New York (1995). 
5^1 Software for performing BLAST analyses is publicly available, e.g., through the 
^NaLalVenter for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). This 
algorithm iLlves first identifying high scoring sequence pairs (HSPs) by identify.ng 
short words \length W in the query sequence, which either match or satisfy some 
positive-valuea\hreshold score T when aligned with a word of the same length .n a 
database seque\e. T is referred to as the neighborhood word score threshold. 
These initial neighbourhood word hits act as seeds for initiating searches to find longer 
HSPs containing the\ The word hits are then extended in both directions along 
each sequence for as f\ as the cumulative alignment score can be increased. 
Cumulative scores are emulated using, for nucleotide sequences, the parameters M 
(reward score for a pair of\atching residues; always > 0) and N (penalty score for 
mismatching residues; always < 0). For amino acid sequences, a scoring matr.x .s 
used to calculate the cumulate score. Extension of the word hits in each d.rect.on 
are halted when: the cumulativeXalignment score falls off by the quantity X from .ts 
maximum achieved value; the cumulative score goes to zero or below, due to the 
accumulation of one or more nega\ve-scoring residue alignments; or the end of either 
> sequence is reached. The BLAST aWhm parameters W, T, and X determ.ne the 
sensitivity and speed of the alignment The BLASTN program (for nucleotide 
sequences) uses as defaults a wordlength (W) of 1 1 , an expectation (E) of 1 0, a 
cutoff of 100, M=5, N=-4, and a comparison of both strands. For amino acid 
sequences, the BLASTP program uses as\defaults a wordlength (W) of 3, an 
0 expectation (E) of 10, and the BLOSUM62^coring matrix (see Henikoff & Henikoff 
(1989) Proc. Natl. Acad. Sci. USA 89:1091! 
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In addition to calculating percent sequence identity, the BLAST algorithm also 
performs a statistical analysis of the similarity between two sequences (see, e.g., 
Karlin & Altschul. Proc. Natl Acad. Sci. USA 90:5873-5877 (1993)). One measure of 
similarity provided by the BLAST algorithm is the smallest sum probability (P(N)). 
which provides an indication of the probability by which a match between two 
nucleotide or amino acid sequences would occur by chance. 

BLAST searches assume that proteins can be modeled as random sequences. 
However, many real proteins comprise regions of nonrandom sequences which may 
be homopolymeric tracts, short-period repeats, or regions enriched in one or more 
amino acids. Such low-complexity regions may be aligned between unrelated 
proteins even though other regions of the protein are entirely dissimilar. A number of 
low-complexity filter programs can be employed to reduce such low-complexity 
alignments. For example, the SEG (Wooten and Federhen, Comput. Chem., 17:149- 
163 (1993)) and XNU (Claverie and States, Comput. Chem., 17:191-201 (1993)) low- 
complexity filters can be employed alone or in combination. 

Unless otherwise stated, nucleotide and protein identity/similarity values 
provided herein are calculated using GAP (GCG Version 1 0) under default values. 

GAP (Global Alignment Program) can also be used to compare a 
polynucleotide or polypeptide of the present invention with a reference sequence. 
GAP uses the algorithm of Needleman and Wunsch {J. Mol. Biol. 48: 443-453, 1970) 
to find the alignment of two complete sequences that maximizes the number of 
matches and minimizes the number of gaps. GAP considers all possible alignments 
and gap positions and creates the alignment with the largest number of matched 
bases and the fewest gaps. It allows for the provision of a gap creation penalty and a 
gap extension penalty in units of matched bases. GAP must make a profit of gap 
creation penalty number of matches for each gap it inserts. If a gap extension 
penalty greater than zero is chosen, GAP must, in addition, make a profit for each 
gap inserted of the length of the gap times the gap extension penalty. Default gap 
creation penalty values and gap extension penalty values in Version 10 of the 
Wisconsin Genetics Software Package for protein sequences are 8 and 2, 
respectively. For nucleotide sequences the default gap creation penalty is 50 while 
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the default gap extension penalty is 3. The gap creation and gap extension penalties 
can be expressed as an integer selected from the group of integers consisting of from 
0 to 100 Thus, for example, the gap creation and gap extension penalties can each 
independently be: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30, 40, 50, 60 or greater. 

GAP presents one member of the family of best alignments. There may be 
many members of this family, but no other member has a better quality. GAP 
displays four figures of merit for alignments: Quality, Ratio, Identity, and Similarity. 
The Quality is the metric maximized in order to align the sequences. Ratio is the 
quality divided by the number of bases in the shorter segment. Percent Identity is the 
percent of the symbols that actually match. Percent Similarity is the percent of the 
symbols that are similar. Symbols that are across from gaps are ignored. A similarity 
is scored when the scoring matrix value for a pair of symbols is greater than or equal 
to 0.50, the similarity threshold. The scoring matrix used in Version 10 of the 
Wisconsin Genetics Software Package is BLOSUM62 (see Henikoff & Henikoff 
(1989) Proc. Natl. Acad. Sci. USA 89:10915). 
5 Multiple alignment of the sequences can be performed using the CLUSTAL 

? method of alignment (Higgins and Sharp (1989) CABIOS. 5:151-153) with the default 
J, parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). Default parameters 
S for pairwise alignments using the CLUSTAL method are KTUPLE 1 , GAP 
? 20 PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. 
5 ( C ) As used herein, "sequence identity" or "identity" in the context of two 

^ nucleic acid or polypeptide sequences includes reference to the residues in the two 
sequences which are the same when aligned for maximum correspondence over a 
specified comparison window. When percentage of sequence identity is used in 
25 reference to proteins it is recognized that residue positions which are not identical 
often differ by conservative amino acid substitutions, where amino acid residues are 
substituted for other amino acid residues with similar chemical properties (e.g. charge 
or hydrophobicity) and therefore do not change the functional properties of the 
molecule. Where sequences differ in conservative substitutions, the percent 
30 sequence identity may be adjusted upwards to correct for the conservative nature of 
the substitution. Sequences which differ by such conservative substitutions are said 
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to have "sequence similarity" or "similarity". Means for making this adjustment are 
well-known to those of skill in the art. Typically this involves scoring a conservat.ve 
substitution as a partial rather than a full mismatch, thereby increasing the 
percentage sequence identity. Thus, for example, where an identical ammo ac.d .s 
given a score of 1 and a non-conservative substitution is given a score of zero, a 
conservative substitution is given a score between zero and 1 . The scoring of 
conservative substitutions is calculated, e.g., according to the algorithm of Meyers 
and Miller, Computer Applic. Bio,. Sc/., 4: 11-17 (1988) e.g., as implemented .n the 
program PC/GENE (lntelligenef.es, Mountain View, California, USA). 
3 (d) As used herein, "percentage of sequence identity" means the value 

determined by comparing two optimally aligned sequences over a comparison 
window wherein the portion of the polynucleotide sequence in the comparison 
window may comprise additions or deletions (i.e., gaps) as compared to the reference 
sequence (which does not comprise additions or deletions) for optimal alignment of 
5 the two sequences. The percentage is calculated by determining the number of 

positions at which the identical nucleic acid base or amino acid residue occurs .n both 
sequences to yield the number of matched positions, dividing the number of matched 
positions by the total number of positions in the window of comparison and 
multiplying the result by 100 to yield the percentage of sequence identity. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

Overview 

The present invention provides, among other things, compositions and 
methods for modulating (i.e., increasing or decreasing) the level of polynucleotides 

25 and polypeptides of the present invention in plants. In particu.ar, the polynuc.eot.des 
and polypeptides of the present invention can be expressed temporally or spat,a..y, 
e g at developmental stages, in tissues, and/or in quantities, which are 
uncharacteristic of non-recombinantly engineered plants. Thus, the present invention 
provides utility in such exemplary applications as providing a means to control 

30 expression of genes involved in lateral root growth, including responses to 
environmental cues. For example, in plants of interest, manipulation of the 
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2a roo. p^ration could have useful applications in soil remed,a„on and , 
Urteral P ^ jn productlon 0 f 

of specialty compounds, induding plastics, proteins, secondary metabol tes and the 
P M t u,ation o, nitrate-responsive g enes could also he usefu, in - «* 
deration of cuttings ta.enfor plant propagation, especially in ornamental and 

W00dV Zresen, invention also provides isolated nucleic acids comp^g 
polynuceotides of sufficient length and complement to a gene o h 
I Lion to use as prohes or amplification primers in the detect,on, — 
isolation of gene. rescripts. For example, isolated nucle,c ao,ds 

vein can he used as prohes in detecting deficiencies in the level of mRNA « 
slangs for desired transgenic plants, for detecting mutations in the gene (e, 
ul u. ons, deietions, or additions,, for motoring upregulation of express, 
anges in enzyme activity in screening assays o.compounds, for deect,on of any 

expression of their encoded po,ypeo«ides, or for use as i™™ ns " 
preparation and,or screening of antibodies. The isolated nuc,e,c acds of the prese < 
— can also be employed for use ^^^Z^ 

,ranS 't: Present invention also provides isolated proteins comprising a^ypepfide 
o, the present invention (e.g., proenzyme, proenzyme, or enzymes). The present 
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invention also provides proteins comprising at least one epitope from a polypeptide of 
the present invention. The proteins of the present invention can be employed in 
assays for enzyme agonists or antagonists of enzyme function, or for use as 
immunogens or antigens to obtain antibodies specifically immunoreactive with a 
protein of the present invention. Such antibodies can be used in assays for 
expression levels, for identifying and/or isolating nucleic acids of the present invention 
from expression libraries, for identification of homologous polypeptides from other 
species, or for purification of polypeptides of the present invention. 

The isolated nucleic acids and polypeptides of the present invention can be 
used over a broad range of plant types, particularly monocots such as the species of 
the family Gramineae including Hordeum, Secale, Triticum, Sorghum (e.g., S. bicolor) 
and Zea (e.g., Z. mays). The isolated nucleic acid and proteins of the present 
invention can also be used in species from the genera: Cucurbita, Rosa, Vitis, 
Juglans, Fragaha, Lotus, Medicago, Onobrychis, Trifolium, Trigonella, Vigna, Citrus, 
Linum, Geranium, Manihot, Daucus, Arabidopsis, Brassica, Raphanus, Sinapis, 
Atropa, Capsicum, Datura, Hyoscyamus, Lycopersicon, Nicotiana, Solanum, Petunia, 
Digitalis, Majorana, Ciahorium, Helianthus, Lactuca, Bromus, Asparagus, 
Antirrhinum, Heterocallis, Nemesis, Pelargonium, Panieum, Pennisetum, 
Ranunculus, Senecio, Salpiglossis, Cucumis, Browallia, Glycine, Pisum, Phaseolus, 
Lolium, Oryza, and Avena. 



Nucleic Acids 

The present invention provides, among other things, isolated nucleic acids of 
RNA, DNA, and analogs and/or chimeras thereof, comprising a polynucleotide of the 
present invention. 

S^FHasmids containing the nucleotide sequences of the invention were deposited 
with the Patent Depository of the American Type Culture Collection (ATCC), 

Manassas\irginia, on and assigned Patent Deposit No. . 

The depositLl be maintained under the terms of the Budapest Treaty on the 
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.. ^national Recognition of the Deposit of Microorganisms for the Purposes of Patent 
Procedure. The deposit was made merely as a convenience for those of skill in the 
art ankre not an admission that a deposit is required under 35 U.S.C. §112. 
A polynucleotide of the present invention is inclusive of: 
5 (a) a polynucleotide encoding a polypeptide of SEQ ID NO: 2, including the 

exemplary polynucleotide of SEQ ID NO: 1; 

(b) a polynucleotide which is the product of amplification from a Zea mays 
nucleic acid library using primer pairs which selectively hybridize under stringent 
conditions to loci within a polynucleotide selected from SEQ ID NO: 1 ; 
10 (c) a polynucleotide which selectively hybridizes to a polynucleotide of (a) or 

(b); 

(d) a polynucleotide having a specified sequence identity with polynucleot.des 
□ of (a), (b), or (c); 

1 (e) a polynucleotide encoding a protein having a specified number of 

3 15 contiguous amino acids from a prototype polypeptide, wherein the protein is 

5 specifically recognized by antisera elicited by presentation of the protein and where.n 

| the protein does not detectably immunoreact to antisera which has been fully 

: , immunosorbed with the protein; 

5 (f) sequences complementary to polynucleotides of (a), (b), (d), or (e); 

? 20 SP ^(grpolymjcleotides comprising the sequences obtained from the clones 
S d^ted in^t^aU^ the American Type Culture Collection (ATCC) on 

, and aSigTTerhAccession Number ; and 

(h) a polynucleotide comprising at least 50 contiguous nucleotides from a 

polynucleotide of (a), (b), (c), (d), (e), (f), or (g). 

25 

A. Polynucleotides Encoding A Polypeptide of the Present Invention 

As indicated in (a), above, the present invention provides isolated nucleic acids 
comprising a polynucleotide of the present invention, wherein the polynucleotide 
encodes a polypeptide of the present invention. Every nucleic acid sequence herein 
30 that encodes a polypeptide also, by reference to the genetic code, describes every 
possible silent variation of the nucleic acid. One of ordinary skill will recognize that 
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each codon in a nucleic acid (except AUG, which is ordinarily the only codon for 
methionine; and UGG , which is ordinarily the only codon for tryptophan) can be 
modified to yield a functionally identical molecule. Thus, each silent variation of a 
nucleic acid which encodes a polypeptide of the present invention is implicit ,n each 
described polypeptide sequence and is within the scope of the present invention. 
Accordingly, the present invention includes the polynucleotide of SEQ ID NO: 1 , and 
polynucleotides encoding a polypeptide of SEQ ID NO: 2. 

B Polynucleotides Amplified from a Zea mays Nucleic Acid Library 

As indicated in (b), above, the present invention provides an isolated nucleic 
acid comprising a polynucleotide of the present invention, wherein the 
polynucleotides are amplified from a Zea mays nucleic acid library. Zea mays l.nes 
B73 PHRE1 A632, BMS-P2#10, W23, and Mo17 are known and publicly available. 
Other publicly known and available maize lines can be obtained from the Maize 
Genetics Cooperation (Urbana, IL). The nucleic acid library may be a cDNA library, a 
genomic library, or a library generally constructed from nuclear transcripts at any 
stage of intron processing. cDNA libraries can be normalized to increase the 
representation of relatively rare cDNAs. In optional embodiments, the cDNA library is 
constructed using a full-length cDNA synthesis method. Examples of such methods 
include Oligo-Capping (Maruyama, K. and Sugano, S. Gene 138: 171-174, 1994), 
Bio.inylated CAP Trapper (Carninci, P., Kvan, C, e,a(. Genomics 37: 327-336 
1996), and CAP Retention Procedure (Edery, E., Chu, L.L., et al. Molecular and 
Cellular Biology 15: 3363-3371, 1995). cDNA synthesis is often catalyzed at 50-55°C 
to prevent formation of RNA secondary structure. Examples of reverse transcnptases 
that are relatively stable at these temperatures are Superscript II Reverse 
Transcriptase (Life Technologies, Inc.), AMV Reverse Transcriptase (Boehnnger 
Mannheim) and RetroAmp Reverse Transcriptase (Epicentre). Rapidly-growing 
.issues or rapidly-dividing cells are preferably used as mRNA sources, particularly 
lateral root initiation regions of adventrtious roots in soil-grown ma,ze plants. 

The present invention also provides subsequences of the polynucleotides of 
the present invention. A variety of subsequences can be obtained using primers 
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which selectively hybridize under stringent conditions to at least two sites w,th,n a 
polynucleotide of the present invention, or to two sites within the nucleic acid wh.ch 
flank and comprise a polynucleotide of the present invention, or to a site w,th,n a 
polynucleotide of the present invention and a site within the nucleic acd wh.ch 
5 comprises it. Primers are chosen to selectively hybridize, under stnngent 

hybridization conditions, to a polynucleotide of the present invention. Generally, the 
primers are complementary to a subsequence of the targe, nucleic acid which they 
ampltfy but may have a sequence identity ranging from about 85% to 9» relate to 
,he polynucleotide sequence which they are designed to annea, to. As those sk,lled 
10 in the art will appreciate, the sites to which the primer pairs will selectively hybrid*, 
are chosen such that a single contiguous nucleic acid can be formed under the 
desired amplification conditions. 
a m optional embodiments, the primers will be constructed so that they 

1 selectively hybridize under stringent cond'rtions to a sequence (or its complement) 
5 u within the target nucleic acid which comprises the codon encoding the carboxy or 
m amino terminal amino acid residue (i.e., the 3T terminal coding region and 5' terminal 
! coding region, respectively) of the polynucleotides of the present invents. 
T Optionally within these embodiments, the primers will be constructed to selectrvely 
5 hybridize entirely within the coding region of the target polynucleotide of the present 
1 20 invention such that the product of amplification of a cDNA targe. will consist of the 
5 coding region of .ha. cDNA. The primer length in nucleotides is selected from the 
group of integers consisting of from at least 15 to 50. Thus, the primers can be at 
least 15 18 20 25, 30, 40, or 50 nucleotides in length. Those of skill will recogmze 
.hat a lengthened primer sequence can be employed to increase specificity of b,nd,ng 
25 (i e annealing) to a target sequence. A non-annealing sequence at the 5'end of a 
primer (a lail") can be added, for example, to introduce a cloning site at the term.nal 

endsoftheamplicon. 

The amplification products can be translated using expression systems well 
known to those of skill in the art and as discussed, infra. The resulting translate 
30 products can be confirmed as polypeptides of the present invention by, for example, 
assaying for the appropriate catalytic activity (e.g., specific activity and/or substrate 
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specificity), or verging the presence of one or more epitopes whioh are specific to a 
polypeptide of the present invention. Methods for protein synthesis from PCR denved 
templates are Known in the art and available commercially. See, e.g., Amersham Ufe 

Sciences, Inc, Catalog '97, p.354. 

Methods for obtaining 5' and/or 3 ends of a vector insert are well known ,n the 
art See e g RACE (Rapid Amplification of Complementary Ends) as descnbed ,n 
Frohman, M, A, in PCR Protocols: A Guide to Methods and Applications, M. A. Inn* 
D H Gelfand, J. J. Sninsky, T. J. White, Eds. (Academic Press, Inc., San D,ego), pp. 
28-38 (1990)); see also, U.S. Pat. No. 5,470,722, and Current Protocol, in Molecular 
Biology, Unit 15.6, Ausubel, ef a/., Eds., Greene Publishing and Wley-lnterscience, 
New York (1995); Frohman and Martin, Techniques 1:165 (1989). 

C Polynucleotides Which Selectively Hybridize to a Polynucleotide of (A) or (B) 

As indicated in (c), above, the present invention provides isolated nucleic acds 
comprising polynucleotides of the present invention, wherein the polynucleosis 
selectively hybridize, under selective hybridization conditions, to a polynucleot.de of 
sections (A) or (B) as discussed above. Thus, the polynucleotides of this 
embodiment can be used for isolating, detecting, and/or quantifying nucleic acds 
comprising the polynucleofides of (A) or (B). For example, polynucleotides of the 
present invention can be used to identify, isolate, or amplify partial or full-length 
clones in a deposited library. In some embodiments, the polynucleot,des are 
genomic or cDNA sequences isolated or etherise complementary to a cDNA from a 
dicot or monocot nucleic acid library. Exemplary species of monocots and d,cots 
include but are not limited to: maize, canola, soybean, cotton, wheat, sorghum, 
sunflower, alfalfa, oats, sugarcane, millet, barley, and rice. Optionally, the cDNA 
library comprises at least 30% to 95% full-length sequences (for example, at least 
30% 40% 50%, 60%, 70%. 80%, 90%, or 95% full-length sequences). The cDNA 
libraries can be normalized to increase the representation of rare sequences. Low 
stringency hybridization conditions are typically, but not exclusively, employed w,th 
) sequences having a reduced sequence identity relative to complement^ 

sequences. Moderate and high stringency conditions can optionally be employed for 



24 



10 



A 15 



£ 20 



25 



sequences of greater identity. Low stringency conditions allow selective hybridization 
of sequences having about 70% to 80% sequence identity and can be employed to 
identify orthologous or paralogous sequences. 

D. Polynucleotides Having a Specific Sequence identity with the Poiynucleotides of 
(A), (B) or (C) 

As indicated in (d), above, the present invention provides isolated nuc.e.c acds 
comprising polynucleotides of the present invention, wherein the polynucleot.des 
have a specified identity at the nucleotide level to a polynucleotide as disclosed ,n 
sections (A), (B), or (C), above. Identity can be calculated using, for example, the 
BLAST CLUSTALW, or GAP algorithms under default conditions. The percentage of 
Identity to a reference sequence is at least 57% and, rounded upwards to the nearest 
integer can be expressed as an integer selected from the group of .ntegers 
consisting of from 57 to 99. Thus, for example, the percentage of ident.ty to a 
reference sequence can be at least 60%, 75%, 80%, 85%, 90%, or 95%. 

Optionally, the polynucleotides of this embodiment will encode a polypeptide 
that will share an epitope with a polypeptide encoded by the polynucleotides of 
sections (A) (B). or (C). Thus, these polynucleotides encode a first polypept.de 
which elicits production of antisera comprising antibodies which are specifically 
reactive to a second polypeptide encoded by a polynucleotide of (A), (B), or (C). 
However, the first polypeptide does not bind to antisera raised against itself when the 
antisera has been fully immunosorbed with the first polypeptide. Hence, the 
polynucleotides of this embodiment can be used to generate antibodies for use ,n. for 
example, the screening of expression libraries for nucleic acids compnsmg 
polynucleotides of (A), (B), or (C), or for purification of, or in immunoassays for, 
polypeptides encoded by the polynucleotides of (A), (B), or (C). The polynucleot.des 
of this embodiment embrace nucleic acid sequences which can be employed for 
selective hybridization to a polynucleotide encoding a polypeptide of the present 
invention. 

, Screening polypeptides for specific binding to antisera can be conven.ently 

achieved using peptide display libraries. This method involves the screening of large 
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collections of peptides for individual members having the desired funCon or 
structure. Antibody screening of peptide display libraries is well known ,n the art. 
The displayed peptide sequences can be from 3 to 5000 or more amino acids ,n 
length, frequently from 5-100 amino acids long, and often from about 8 to 15 ammo 
acids long In addition to direct chemical synthetic methods for generating pept,de 
varies, several recombinant DNA methods have been described. One type invokes 
the display of a peptide sequence on the surface of a bacteriophage or cell. Each 
bacteriophage or cell contains the nucleotide sequence encoding the parhcular 
displayed peptide sequence. Such methods are described in POT paten, pub„ca«,on 
Nos 91/17271, 91/18980, 91/19818, and 93/08278. Other systems for generaung 
varies of peptides have aspects o, both in v*ro chemical synthesis -^inant 
methods See, PCT Paten, publication Nos. 92/05258, 92/14843, and 97/20078. 
See also U S. Patent Nos. 5,658,754; and 5,643,768. Peptide display libraries, 
vectors, and screening kits are commercially available from such suppliers as 
Invitrogen (Carlsbad, CA). 

E Polynucleotides Encoding a Protein Having a Subsequence from a Prototype 
Polypeptide and is Cross-Reactive to the Prototype Polypeptide 

As indicated in (e), above, the present invention provides isolated nucle,c acds 
comprising polynucleotides of the present invention, wherein the polynucleosis 
encode a protein having a subsequence of contiguous amino acids from a prototype 
polypeptide o, the present invention such as are provided in (a), above. The length of 
contiguous amino acids from the prototype polypeptide is selected from the group of 
integers consisting of from at least 10 to the number of amino acids w„h,n the 
prototype sequence. Thus, for example, the polynucleotide can encode a polypept.de 
havingasubsequencehavingatleast10,15,20,25,30,35,40,45,or50. 

contiguous amino acids from the prototype polypeptide. Further, the number of such 
subsequences encoded by a polynudeotide of the instant embodiment can be any 
integer selected from the group consisting of from 1 to 20, such as 2. 3, 4, or 5. The 
subsequences can be separated by any integer of nucleotides from 1 to the number 
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of nucleotides in .he sequence such as at least 5, 10. 15, 25, 50, 100, or 200 

nucleotides. . . 

The proteins encoded by polynucleotides of this embodiment, when presented 

as an immunogen, elicr. the production of polyclona, antibodies which **** ** 
5 to a prototype polypeptide such as but no. limited to, a polypeptide encoded by the 
polynucleotide of (a) or (b), above. Generally, however, a protein encoded by a 
polynucleotide of this embodiment does not bind to antisera raised against the 
prototype polypeptide when the antisera has been fully immunosorbed wrth the 
prototype polypeptide. Methods of making and assaying for antibody binding 
,0 specificity/affinrty are well known in the art. Exemplary immunoassay formats include 
ELISA, competitive immunoassays, radioimmunoassays, Western blots, indirect 
immunofluorescent assays and the like. 
1 ,„ a preferred assay method, fully immunosorbed and pooled ant,sera which ,s 

? elicited to the prototype polypeptide can be used in a competitive binding assay to 
i 15 test the protein. The concentration of the prototype polypeptide required to inhibit 
* 50% of the binding of the antisera to the prototype polypeptide is determined I he 
S amount of the protein required to inhibit binding is less than twice the amoun of the 

prototype protein, then the protein is said to specifically bind to the antisera *M to 
5 the immunogen. Accordingly, the proteins of the present invention embraoe allelic 
" variants, conservatively modified variants, and minor recombinant modfications to a 

prototype polypeptide. . 

A polynucleotide of the present invention optionally encodes a protein havmg a 
molecular weigh, as the non-glycosylated protein within 20% of the molecular weigh, 
of ,he full-length non-glycosylated polypeptides of the present invention. Molecular 
25 weight can be readily determined by SDS-PAGE under reducing conditions^ 
Optionally, the molecular weight is within 1 5% of a fell length polypeptide of the 
present invention, more preferably within 1 0% or 5%, and most preferably w„h,n 3 /., 
2% or 1% of a full length polypeptide of the present invention. 

' Optionally, the polynucleotides of this embodiment will encode a protein having 
30 a specific enzymatic activity a. least 50%, 60%, 80%, or 90% of a c*,ar extract 
' comprising the native, endogenous full-length polypeptide of the present invention. 
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Further the proteins encoded by polynucleotides of this embodiment will optionally 
have a substantially similar affinity constant (K„ ) and/or catalytic activity (i.e., the 
microscopic rate constant, W as the native endogenous, full-length protein. Those 
of skill in the art will recognize that k ra ,/K m value determines the specficrty for 
5 competing substrates and is often referred to as the specificity constant. Proteins o 
this embodiment can have a fcJK. value at least 10% of a full-length polypepUde of 
the present invention as determined using the endogenous substrate of that 
polypeptide. Optionally, the ^ value will be a, ,east 20%, 30%, 40%, 50% and 

most preferably at least 60%, 70%, 80%, 90%, or 95% the UK. value of the full- 
10 length polypeptide of the present invention. Determination of fc*, K m , and k^/K™ 

can be determined by any number of means well known to those of skill in the art. 

For example, the initial rates (i.e., the first 5% or less of the reaction) can be 

0 determined using rapid mixing and sampling techniques (e.g., continuous-flow, 

S stopped-flow, or rapid quenching techniques), flash photolysis, or relaxation methods 
5 15 (eg temperature iumps) in conjunction with such exemplary methods of measunng 
S as spectrophotomefiy. spectrofluorimetry, nuclear magnetic resonance, or radioacfive 

1 procedures. Kinetic values are conveniently obtained using a Lineweaver-Burk or 
;_, Eadie-Hofstee plot. 

° 20 F Polynucleotides Complementary to the Polynucleotides of (A)-(E) 
S ' As indicated in (f), above, the present invention provides isolated nucleic adds 
^ comprising polynucleotides complementary to the polynucleotides of paragraphs (A), 
,B) (D) or (E). above. As those of skill in the art will recognize, complementary 
sequences base-pair throughout the entirety of their length with the polynucleotides of 
25 sections (A), (B), (D) or (E) (i.e.. have 100% sequence identity over the.r enfire 
length) Complementary bases associate through hydrogen bonding in double- 
stranded nucleic acids. For example, the following base pairs are complementary: 
guanine and cytosine; adenine and thymine; and adenine and uracl. 
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q polynucleotides Which are Subsequences of the Polynucleotides of(A)-(F) 

As indicated in (h), above, the present invention provides isolated nucleic ac,ds 
comprising polynucleotides which comprise at least 50 contiguous bases from the 
polynucleotides of sections (A) through (G) as discussed above. The length of the 
polynucleotide is given as an integer selected from the group consisting of from at 
least 50 to the length of the nucleic acid sequence of which the polynucleotide ,s a 
subsequence. Thus, for example, polynucleotides of the present invent,on are 
inclusive of polynucleotides comprising at least 50, 60, 75, or 100 contiguous 
nucleotides in length from the polynucleotides of (A)-(G). Optionally, the number of 
such subsequences encoded by a polynucleotide of the instant embodiment can be 
any integer selected from the group consisting of from 1 to 20, such as 2, 3, 4, or 5. 
The subsequences can be separated by any integer of nucleotides from 1 to the 
number of nucleotides in the sequence such as a. least 5. 10, 15, 25, 50, 100. or 200 

nucleotides. . 

A subsequence of the present invention can comprise structural charactenst.es 

of the sequence from which K is derived. Alternatively, a subsequence can lack 

certain structural characteristics of the larger sequence from which it is derived, such 

as a poly (A) tail. Optionally, a subsequence from a polynucleotide encod.ng a 

polypeptide having at least one epitope in common with a prototype polypept.de 

sequence as provided in (a), above, may encode an epitope in common with the 

prototype sequence. Alternatively, the subsequence may not encode an ep,tope ,n 

common with the prototype sequence but can be used to isolate the larger sequence 

by for example, nucleic acid hybridization with the sequence from which it is denved. 

Subsequences can be used to modulate or detect gene expression by introduce 

into the subsequences compounds which bind, intercalate, cleave and/or crossl.nk to 

nucleic acids. Exemplary compounds include acridine, psoralen, phenanthrol.ne, 

naphthoquinone, daunomycin or chloroethylaminoaryl conjugates. 

i- „-«tnintinn of Nucleic Acids 

The isolated nucleic acids of the present invention can be made us.ng (a) 
standard recombinant methods, (b) synthetic techniques, or combinations thereof. In 
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some embodiments, the polynucleotides of the present invention will be cloned, 
amplified, or otherwise constructed from a monocot. In preferred embodiments the 

monocot is Zea mays. 

The nucleic acids may conveniently comprise sequences in addition to a 

5 polynucleotide of the present invention. For example, a multi-cloning site comprising 
one or more endonuclease restriction sites may be inserted into the nucleic acid to 
aid in isolation of the polynucleotide. Also, translatable sequences may be inserted to 
aid in the isolation of the translated polynucleotide of the present invention. For 
example a hexa-histidine marker sequence provides a convenient means to purify 

10 the proteins of the present invention. A polynucleotide of the present invention can 
be attached to a vector, adapter, or linker for cloning and/or expression of a 
polynucleotide of the present invention. Additional sequences may be added to such 

0 doning and/or expression sequences to optimize their function in cloning and/or 

S expression, to aid in isolation of the polynucleotide, or to improve the introduction of 

1 15 the polynucleotide into a cell. Typically, the length of a nucleic acid of the present 

S invention less the length of its polynucleotide of the present invention is less than 20 

S kilobase pairs, often less than 15 kb, and frequently less than 10 kb. Use of clon.ng 

1 vectors, expression vectors, adapters, and linkers is well known and extensively 
S described in the art. For a description of various nucleic acids see, for example, 
| 20 Stratagene Cloning Systems, Catalogs 1995, 1996, 1997 (La Jolla, CA); and, 

° Amersham Life Sciences, Inc, Catalog "97 (Arlington Heights, IL). 

A. Recombinant Methods for Constructing Nucleic Acids 

The isolated nucleic acid compositions of this invention, such as RNA, cDNA, 

25 genomic DNA, or a hybrid thereof, can be obtained from plant biological sources 

using any number of cloning methodologies known to those of skill in the art. In some 
embodiments, oligonucleotide probes which selectively hybridize, under stringent 
conditions, to the polynucleotides of the present invention are used to identify the 
desired sequence in a cDNA or genomic DNA library. Isolation of RNA, and 

30 construction of cDNA and genomic libraries is well known to those of ordinary skill in 
the art. See, e.g., Plant Molecular Biology: A Laboratory Manual, Clark, Ed., 
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Springer-Verlag, Berlin (1997); and, Current Protocols in Molecular Biology, Ausubel, 
etal., Eds., Greene Publishing and Wiley-lnterscience, New York (1995). 

A number of cDNA synthesis protocols have been described which provide 
substantially pure full-length cDNA libraries. Substantially pure full-length cDNA 
libraries are constructed to comprise at least 90%, and more preferably at least 93% 
or 95% full-length inserts amongst clones containing inserts. The length of insert in 
such libraries can be from 0 to 8, 9, 10, 1 1 , 12, 13, or more kilobase pairs. Vectors to 
accommodate inserts of these sizes are known in the art and available commercially. 
See, e.g., Stratagene's lambda ZAP Express (cDNA cloning vector with 0 to 12 kb 
cloning capacity). An exemplary method of constructing a greater than 95% pure full- 
length cDNA library is described by Carninci et a/., Genomics, 37:327-336 (1996). 
Other methods for producing full-length libraries are known in the art. See, e.g., Edery 
etal., Mol. Ce//6/o/.,15(6):3363-3371 (1995); and, PCT Application WO 96/34981 . 

A1. Normalized or Subtracted cDNA Libraries 

A non-normalized cDNA library represents the mRNA population of the tissue 
from which it was made. Since unique clones are out-numbered by clones derived 
from highly expressed genes, their isolation can be laborious. Normalization of a 
cDNA library is the process of creating a library in which each clone is more equally 
represented. Construction of normalized libraries is described in Ko, Nucl. Acids. 
Res., 18(19):5705-5711 (1990); Patanjali etal., Proc. Natl. Acad. U.S.A., 88:1943- 
1947 (1991); U.S. Patents 5,482,685, and 5,637,685. In an exemplary method 
described by Soares et ai, normalization resulted in reduction of the abundance of 
clones from a range of four orders of magnitude to a narrow range of only 1 order of 
magnitude. Proc. Natl. Acad. Sci. USA, 91:9228-9232 (1994). 

Subtracted cDNA libraries are another means to increase the proportion of 
less abundant cDNA species. In this procedure, cDNA prepared from one pool of 
mRNA is depleted of sequences present in a second pool of mRNA by hybridization. 
The cDNA:mRNA hybrids are removed and the remaining un-hybridized cDNA pool is 
enriched for sequences unique to that pool. See, Foote et si. in, Plant Molecular 
Biology: A Laboratory Manual, Clark, Ed., Springer-Verlag, Berlin (1997); Kho and 
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Zarbl, Technique, 3(2):58-63 (1991); Sive and St. John, Nucl. Aads Res., 
16(22)10937 (1988); Current Protocols in Molecular Biology, Ausubel. et a/., Eds., 
Greene Publishing and W.ley-.nterscience, New York (1995); and, Swaroop et a,., 
Nucl. Acids Res., 19)8):1954 (1991). cDNA subtraction kits are commercially 
available. See, e.g., PCR-Select (Clontech, Palo Alto, CA). 

To construct genomic libraries, large segments of genomic DNA are generated 
by fragmentation, e.g. using restriction endonucleases, and are ligated with vector 
DNA to form concatemers that can be packaged into the appropriate vector. 
Methodologies to accomplish these ends, and sequencing methods to venfy the 
sequence of nucleic acids are well known in the art. Examples of appropriate 
molecular biological techniques and instructions sufficient to direct persons of sk.l. 
through many construction, cloning, and screening methodologies are found .n 
Sambrook, ef a/., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring 
Harbor Laboratory Vols. 1-3 (1989), Methods in Enzymology, Vol. 152: Gu.de to 
Molecular Cloning Techniques, Berger and Kimmel, Eds., San Diego: Academ.c 
Press Inc (1987), Current Protocols in Molecular Biology, Ausubel, etal., Eds., 
Greene Pub.ishing and Wlley-.nterscience, New York (1995); Plant Molecular 
Biology: A Laboratory Manual, Clark, Ed., Springer-Verlag, Berlin (1997). K.ts for 
construction of genomic libraries are also commercially available. 

The cDNA or genomic library can be screened using a probe based upon the 
sequence of a polynucleotide of the present invention such as those disclosed here.n. 
Probes may be used to hybridize with genomic DNA or cDNA sequences to isolate 
homologous genes in the same or different plant species. Those of skill in the art w,l. 
appreciate that various degrees of stringency of hybridization can be employed .n the 
assay and either the hybridization or the wash medium can be stringent. 

The nucleic acids of interest can also be amplified from nucleic acid samples 
using amplification techniques. For instance, polymerase chain reaction (PCR) 
technology can be used to amplify the sequences of polynucleotides of the present 
invention and related genes direct.y from genomic DNA or cDNA libraries. PCR and 
other in vitro amplification methods may a.so be useful, for example, to clone nucle.c 
acid sequences that code for proteins to be expressed, to make nucleic acids to use 
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acid sequences that code for proteins to I 
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as probes for detecting the presence of the desired mRNA in samp,es, for nuc,e,c 
acid sequencing, or for other purposes. The T4 gene 32 protein (Boehnnger 
Mannheim) can be used to improve yield of long PCR products. 

PCR-based screening methods have been described. VWmger e, a/. 
5 a PCR-based method in which the longest cDNA is identify in the first step so that 
incomplete clones can be eliminated from study. B/oTechmques. 22(3y 481-486 
(19B7). Such methods are particularly effective in combinafon with a full-length cDNA 
construction methodology, above. 

10 6 Synthetic Methods for Constmcting Nucleic Acids 

The isolated nucleic acids of the present invention can also be prepared by 
direct chemical synthesis by methods such as the phosphotriester method of Narang 
* a/ Meth Eniymol. 68: 90-99 (1979); the phosphodiester method of Brown et a,., 
Meth Enzymol. 68: 109-151 (1979); the diethylphosphoramidite method of Beaucage 
l5 eta, Terra Lett. 22: 1859-1862 (1981); the solid phase phosphoramidite tnester 
nilnod described by Beaucage and Caruthers, Terra. Lens. 22(20): 1859-1862 
(19811 eg using an automated synthesizer, e.g., as described in 
NeedhanlnDevanter et a, Nude, Acids Res., 12: 6159-6168 (1984); and, t e 
, solid support method of U.S. Patent No. 4,458,066. Chemica, syn.hes,s generally 
i 20 produces a single stranded oligonucleotide. This may be converted into ouble 
5 stranded DNA by hybridization with a complementary sequence, or by P ot,mer,za,,on 
* with a DNA polymerase using the single strand as a template. One of skill will 

recognize that whi,e chemica, synthesis of DNA is best employed for sequences , of 
L, 100 bases or less, ionger sequences may be obtained by the „gat,on of shorter 
25 sequences. 
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p.™ m hinant c- r """'"" Cassettes 

The present invention further provides recombinant expression cassettes 
comprising a nucleic acid o, the present invention. A nucleic acid sequence coding 
for the desired polypeptide of the present invention, for example a cDNA or a 
genomic sequence encoding a full length polypeptide of the present invention, can 
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the desired nos, ce, A recombinant expression oass w« ^ 
— ntaiiy- or de,e,op m = ^ ^e. an RNA 

expression) ' ins^^* -** a p wy,a,ion si9na ;- 
proce z: s^^-^^^-^nr^' 

promoters are referred to herein olnnmpnt or cell differentiation. 

LoUn «a t ion region, tne , or Z- ^^^^ 
cinnamyl alcohoi dehydrogenase promoter (U.S. Patent 

===== 

,„ducib,e" promoters. Environmental oond^ons tha, may ^ P ^ 
„ promoters inciude patbogen „ in L bte by 

30 PPDK promoter which is inducible by light. 
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Examples of promoters under deveiopmenta, oon.ro, inolude promoters that 

1 : ? ^l,™.»o »»«'"■"« 

• „ n q PatPnt5 565 350;Zarlingefa/., 

promoters and/or enhancers operably linked to a na*,ve, en ogenous ,,e„ 
30 heterologous) torm of a polynucleotide of the present invents 
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„ polypeptide expression is desired, i, is generally desirabie to include a 
QHharpnd 0 f a polynucleotide coding region, ine 

polyadenylation g The 3 , end seaue „ C e to be added can be denved from, 

a „„ther olant aene or less preferably from any other eukaryoUc gene. 

sequence of the partia, coding sequence to increase the amount of the mature 
message that accumuiates in the cytoso,. Inclusion of a spliceabie ,n«ron ,n he 
^ion - in both Plant and animal expression constructs has beer .shown to 
increase gene expression at both the mRNA and protem levels up to 1000-fold. 

, ,8*1200 (1987). Such intron enhancement of gene express,on . typ,cally g ates. 
In piaced near the 6" end o, the transcription unit. Use of ma,ze 
intron' , 2, and 6, the Bron Z e-1 intron are known in the a, See^, ~ 
Handbook Chapter 116, Freeling and Walbot, Eds., Spnnger, New York (1994). T 
Uprising the sequences from a polynucleotide of the present invention w„, 
rr„y comprise a marker gene which confers a se,ec,ab,e phenotype on p an, 

„ ,he a and indude vectors derived from the tumor-inducing (Ti) plasm, o 
Agmb ec t e ri un, described by Rogers ei a/., Meth. ,n Enzymol.. 153.253 

2 " '^polynucleotide of the present invention can be expressed in either sense or 
anti-sense orientation as desired. It will be appreciated that control of gene 
; lion in either sense or anti-sense orientation can have a direct ,mpac« on h 
Islble p, a n, characteristics. Antisense technology can be convemently used to 

the desired gene is cloned and operably linked to a promoter such that the ant sense 

30 theantisensestrandofRNAisproduoed. ^^^T^ 
antisense RNA inhibits gene expression by preventing the accumulate o, 
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which encodes the enzyme of interest, see. e.g.. Sheehy et al., Proc. Natl Acad. Sci. 
(USA) 85- 8805-8809 (1988); and Hiatt et at., U.S. Patent No. 4,801,340. 

Another method of suppression is sense suppression. Introduction of nucle,c 
acid configured in the sense orientation has been shown to be an effective means by 
which to block the transcription of target genes. For an example of the use of th,s 
method to modulate expression of endogenous genes see, Napoli ef al., The Plant 
Cell 2- 279-289 (1990) and U.S. Patent No. 5,034,323. 

' Catalytic RNA molecules or ribozymes can also be used to inhibit expression 
of plant genes. It is possible to design ribozymes that specffically pair with virtually 
any target RNA and cleave the phosphodiester backbone at a specific locat,on, 
thereby functionally inactivating the target RNA. In carrying out this cleavage, the 
ribozyme is not itself altered, and is thus capable of recycling and cleaving other 
molecules, making it a true enzyme. The inclusion of ribozyme sequences w,th,n 
antisense RNAs confers RNA-cleaving activity upon them, thereby increasmg the 
activity of the constructs. The design and use of target RNA-specific ribozymes ,s 
described in Haseloff er a/.. Nature 334: 585-591 (1988). 

A variety of cross-linking agents, alkylating agents and radical generating 
species as pendant groups on polynucleotides of the present invention can be used 
to bind label, detect, and/or cleave nucleic acids. For example, Vlassov, V. V., et a/., 
Nucleic Acids Res (1 986) 14:4065-4076, describe covalent bonding of a s,ngle- 
stranded DNA fragment with alkylating derivatives of nucleotides complementary to 
target sequences. A report of similar work by the same group is that by Knorre, D. G., 
et al Biochimie (1985) 67:785-789. Iverson and Dervan also showed sequence- 
specific cleavage of single-stranded DNA mediated by incorporation of a modified 
nucleotide which was capable of activating cleavage (J Am Chem Soc (1987) 
109-1241-1243). Meyer, R. B., at*. J Am Chem Soc (1989) 111:8517-8519. effect 
covalent crosslinking to a target nucleotide using an alkylating agent complementary 
to the single-stranded target nucleotide sequence. A photoactivated crosslinking to 
single-stranded oligonucleotides mediated by psoralen was disclosed by Lee, B. L. et 
al Biochemistry (1988) 27:3197-3203. Use of crosslinking in triple-helrx fomrang 
probes was also disclosed by Home, eta,., J Am Chem Sec (1990) 112:2435-2437. 
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Use o, N4, N4-e,hanocvtosine as an alkylating agent to crosslink to s,ng,e-s«randed 
oligonucleotides has also been described by Webb and Matteucci, J Am C em Soc 
(1 986) 108:2764-2765; Nucleic Ac* Res 0986) 14:7661-7674; Fetentz e, . I J. Am. 
Chem Soc 113:4000(1991). Various compounds to bind, detect, label, and/or 
cleave nucleic acids are known in the art. See, for example, U.S. Patent Nos. 
5,543,507; 5,672,593; 5,484,908; 5,256,648; and, 5,681941. 



T~he isolated proteins of the present invention comprise a polypeptide hav,ng at 
, eas t 10 amino acids encoded by any one of the poiynuCeotides of the present 
invention as discussed more fuily, above, or polypeptides which are conserva«,vely 
m0 dif,ed variants thereof. The proteins o, the present invention or vanants thereof 
can comprise any number of contiguous amino acid residues from a P o,ypept,de of 
the present invention, wherein that number is selected from the group of .ntegers 
consisting of from 10 to the number of residues in a full-length po,ypep.,de of the 
present invention. Optionally, this subsequent of contiguous amino acds , s 
15 20 25 30 35, or 40 amino acids in length, often at least 50, 60, 70, 80, or 90 
amino acids in length. Further, the number of such subsequences can be any integer 
selected from the group consisting of from 1 to 20, such as 2, 3, 4, or 5 

The present invention further provides a protein comprising a polypept.de 
having a specified sequence identtty with a polypeptide of the present invention. The 
percentage of sequence identity is an integer selected from ^J^T? 
L 50 to 99. Exemplary sequence identity values include 60%. 65%. 70%, 75 /, 
80%, 85%, 90%, and 95%. Sequence identity can be determined using, for example, 
the BESTFIT, GAP, CLUSTALW, or BLAST algorithms. 

As those of skill will appreciate, the present invention includes catalybcally 
active polypeptides of the present invention (i.e., enzymes). Catalytic* active 

Last 50%, 60%, or 70%, and most preferably at least 80%. 90%, or 95% that of he 
native (non-synthetic), endogenous polypeptide. Further, the substrate spectfaty 
(MKJ is optionally substantially similar to the native (non-synthetic), endogenous 
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polypeptide. Typically, the k cat /K m will be at least 30%, 40%, or 50%, that of the 
native (non-synthetic), endogenous polypeptide; and more preferably at least 60%, 
70%, 80%, or 90%. Methods of assaying and quantifying measures of enzymatic 
activity and substrate specificity OWM, are well known to those of skill in the art. 

Generally, the proteins of the present invention will, when presented as an 
immunogen, elicit production of an antibody specifically reactive to a polypeptide of 
the present invention. Further, the proteins of the present invention will not bind to 
antisera raised against a polypeptide of the present invention which has been fully 
immunosorbed with the same polypeptide. Immunoassays for determining binding 
are well known to those of skill in the art. A preferred immunoassay is a competitive 
immunoassay as discussed, supra. Thus, the proteins of the present invention can 
be employed as immunogens for constructing antibodies immunoreactive to a protein 
of the present invention for such exemplary utilities as immunoassays or protein 
purification techniques. 

Ex pression of Prote ins in Host Cells 

Using the nucleic acids of the present invention, one may express a protein of 
the present invention in a recombinantly engineered cell such as bacteria, yeast, 
insect, mammalian, or preferably plant cells. The cells produce the protein in a non- 
natural condition (e.g., in quantity, composition, location, and/or time), because they 
have been genetically altered through human intervention to do so. 

It is expected that those of skill in the art are knowledgeable in the numerous 
expression systems available for expression of a nucleic acid encoding a protein of 
the present invention. No attempt to describe in detail the various methods known for 
the expression of proteins in prokaryotes or eukaryotes will be made. 

In brief summary, the expression of isolated nucleic acids encoding a protein 
of the present invention will typically be achieved by operably linking, for example, the 
DNA or cDNA to a promoter (which is either constitutive or regulable), followed by 
incorporation into an expression vector. The vectors can be suitable for replication 
and integration in either prokaryotes or eukaryotes. Typical expression vectors 
contain transcription and translation terminators, initiation sequences, and promoters 

39 



10 



useful for Ration of ,he expression of ,he DNA encod.ng a pro e,n oHh e resent 
invention To obtain high ievel expression of a cloned gene, . des,rab,e to 
Hot expression vectors which contain, a, the minimum, ~mo, e rto 
^transcription, a ribosome binding ^^^^^^ 
transcription/transiation terminator. One of skill would recogmze that mod^on 
In be lade to a protein o, the present invention without diminishing its b,o,og,ca, 

„t Ration of the targeting moiecule into a fusion protein. Such — 
Z Iwn to those of skill in the art and inciude. for example, a ^ 
,ne amino terminus to provide an initiation site, or addfoonal ammo adds (e.g., poly 

Restriction sites or termination codons can also be introduced. 

variou, lho*-«— -«^"^^^r 

methods are available to transform crops or other host cells they may be d.rectly 

DNA sequence into the genome of a host cell to obtain the transcr,pt,on an*o 
, Llation of the sequence to effect phenotyoic changes in the organ,sm. T us, any 
IZ^^*^-"^ — ctionmaybeemployed. 

AP ' an ;:« codingforthedesiredpolypeptideofthepresent—n, 
, for example a cDNA or a genomic sequence encoding a full length prote.n, will b 
Zl Istruc, a recombinant expression cassette which can be introduced ,n,o 

" ' t riucleic acid acids o, the present invention can be introduced into 

!0 cassettes as described above and suitable for transformation of plant cells are 
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Known and described in the technical, scientific, and patent literature. See to 
exampie. Weising ef si, An, Re, Gene,. 22: 421-477 (1888). For example, th 
DNA Instruct may be introduced directiy into the genomic DNA of the plant cell 
using techniques such as electroporation, polyethylene glycol (PEG), porat.cn. 

or endogenic callus. See, e.g., Tomes, e, a,., Direct DNA Transfer ,n.o Intact Plant 
IZZ Microprojectile Bombardment. pp.197- 21 3 in Plan, Cell. Tissue and Organ 
Culture, Fundamental Methods, eds. O. L. Gamborg and G.C. Phillips. Spnnger 
Verlag Berlin Heidelberg New York, 1995. Alternatively, the DNA constructs 
combined with suKable T-DNA flanking regions and introduced into a conventual 
^MMWMMH host vector. The virulence functions of the 

— ns host wil, direct the insertion of the construe, and advent 
marker in,o ,he plan, eel, DNA when the cell is infeCed by ,he bactena. See, U.S. 

Patent No. 5,591,616. . 

The introduction of DNA constructs using PEG precipitation is desenbed ,n 
Paszkowski e, el., £mto J. 3: 2717-2722 (1984). Electroporation techn,ques are 
eld in Fromm e, a,, Proo. He, Acad. « W 82: 5824 (1985, Ba s c 
transformation techniques are described in Klein * a,.. Neture 327: ^ (1987^ 
.orob— ^efec/ens-mediated transformation techniques are we« desc b^ 
the science Mature. See. for example Horsch ef a/.. Scence 233: 496-498 (1984), 
and Fraley eta,., Proc. Netl. Acad. Set (USA) 80: 4803 (1983). Although 
, grob ac t 1m is useful primarily in dicots, certain monocots can be —ed 
lotectenuo,. For instance, Ag^acteru™ transformation o, ma,ze ,s desenbed ,n 

US Patent No. 5,550,318. 

' other methods of transfection or transformation include (1) Agrooacrenum 
rn/zogenes-mediated transformation (see, e.g., Lichtenstein and Fuller In. Genet,c 
Engineering, vol. 6, PWJ Rigby. Ed., London. Academic Press. 1987; and 
Lichtenstein, C. P., and Draper, ..In: DNA Cloning, Vol. II, D. M. G over, E., Oxford. 
,R, Press, 1985), Application PCT/US87/02512 (WO 88/02405 pubhshed Apr. 7 
3 1988 ) describes the use of A. rni^enes strain A4 and its Ri plasmW along wrfh A. 
Jwr. vectors pARC8 or pARC16 (2, liposome-mediated DNA uptake (see, 

41 



• 



e g Freeman ef al., Plant Cell Physiol. 25: 1353 (1984)), (3) the vortexing method 
(see e.g., Kindle, Proc. Natl. Acad. Sci., (USA) 87: 1228 (1990). 

DNA can also be introduced into plants by direct DNA transfer into pollen as 
described by Zhou eta,., Methods in Enzymo.ogy, 101:433 (1983); D. Hess, Intern 
5 Rev Cytol 107:367 (1987); Luo et al., Plant Mol. Biol. Reporter, 6:165 (1988). 

Expression of polypeptide coding genes can be obtained by injection of the DNA into 
reproductive organs of a plant as described by Pena et al., Nature, 325.:274 (1987). 
DNA can also be injected directly into the cells of immature embryos and the 
rehydration of desiccated embryos as described by Neuhaus et al., Theor. Appl. 
10 Genet 75 30 (1987); and Benbrook et al., in Proceedings Bio Expo 1986, 

Butterworth, Stoneham, Mass., pp. 27-54 (1986). A variety of plant viruses that can 
be employed as vectors are known in the art and include cauliflower mosaic virus 

□ (CaMV), geminivirus, brome mosaic virus, and tobacco mosaic virus. 

3 is e Transfection of Prokaryotes, Lower Eukaryotes, and Animal Cells 
i Animal and lower eukaryotic (e.g., yeast) host cells are competent or rendered 

1 competent for transfection by various means. There are several well-known methods 
r of introducing DNA into animal cells. These include: calcium phosphate precp.tat.on, 
K fusion of the recipient cells with bacterial protoplasts containing the DNA, treatment of 
?- 20 the recipient cells with liposomes containing the DNA, DEAE dextran, electroporat.on, 

□ biolistics, and micro-injection of the DNA directly into the cells. The transfected cells 
are cultured by means well known in the art. Kuchler, R.J., Biochemical Methods in 
Cell Culture and Virology, Dowden, Hutchinson and Ross, Inc. (1977). 



25 S ynthesis of Proteins 

The proteins of the present invention can be constructed using non-cellular 
synthetic methods. Solid phase synthesis of proteins of less than about 50 amino 
acids in length may be accomplished by attaching the C-terminal amino ac.d of the 
sequence to an insoluble support followed by sequential addition of the rema.n.ng 
amino acids in the sequence. Techniques for solid phase synthesis are descr.bed by 
Barany and Merrifield, Solid-Phase Peptide Synthesis, pp. 3-284 in The Peptides: 



30 



42 



10 



» Syndesis, *** VC. 2: Spe* mk* * ^ 

* nd y ' y _ Q - 0 1AQ 91 c fi M Qfi3) and Stewart et ai, Solid 

Merrifeld,^ a,., ^m.C hem .Soc. 85. 2149 2,56 (1963)^ 

Phase PSptf* Syndesis, 2nd ed„ Pierce Chem. Co., Rockford. III. 0* I 
1 ^ ength may be synthesized by condensation of the amino and carbox 

carboxy terminal end (e.g.. by the use of the coupling reagent N.N - 
dicycylohexylcarbodiimide) are known to those of skill. 

present — may be purged by standard technics 
W e„ known to those o, ski,l in the art. Recombinants produced protems of the 
Cent invention can be directly expressed or expressed as a fusion pro e,n. The 
Tom man, protein is purified by a combination o, cell lysis (e.g., son,cat,o , Fren* 
ZZ ^ chromatography. For fusion products, subsequent d,ges„on of the 
Zol protein with an appropriate proteolytic enzyme releases the des.red 

substantia, purity by standard technics we,, known in the a rt , includ.ng detent 

, co ,umn chromatography, immunopunflcation methods, and other, S e, for ,s«a ce, 

, scopes, P«a~ £ 

M982V Deutscher, Guide to Prore/n P U *a«on, Academ,c Press (1990). For 
^bodies - be raised to the proteins as descried herein 
from £ co// can be achieved following procedures descnbed m U.S. Paten No. 
, 5115 The protein may then be isolated from ce„s expressing the prote.n and 
^ified b standard protein chemistry techniques as described herein, 
oil of the expressed protein is achieved by methods known in the art and 
inciude, for example, radioimmunoassays, Western Wotting techn,ques or 
immunoprecipitation. 
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Tmn-inrnir Pl awf Regeneration 

3 — ^^^Thich are derived by any o, the above transferrin 
techniques can be cultured to regenerate a whole plant which possesses the 
Istormed genotype. Such regeneration techniques often rely on rnan.pulat, of 

regeneration of maize see, Gordon-Kamm et al., The Plant C* 2. 03-618 (1 90). 

Piants cells transformed with a plan, expression vector can be regenerated, 
e g from single cells, callus tissue or leaf discs according to standard plant t,ssue 
culture techniques. I. is well Known in the ar, that various cells, tissues, and organs 
from almost any plan, can be successfully cultured to regenerate an 
Plan, regeneration from cultured protoplasts is described ,n Evans et al., Protoplasts 
Nation and C*». H-x*x* o, Vent Cell Culture, Macmillan Publis ,ng 
Company, New YorK, pp. 124-176 (1983); and Binding, Regenerate of Hants, 
Protoplasts, CRC Press, Boca Raton, pp. 21-73 (1985). 

The regeneration of plants containing the foreign gene introduced by 
A****** from leaf explants can be achieved as described by Horsch ef * 
sLce 227 1229-1231 (1985). In this procedure, transformers are grown ,n the 
presence o, a selection agent and in a medium that induces "^on - 
shoots in the plan, species being transformed as described by Fraley et a/., Pro, 
N atl Acad- SO. (U.S.A.), 80:4803 (1983). This procedure typically pro uce hoots 
within two to four weeks and these transform, shoots are then transferred o an 
Ippropriate root-inducing medium containing the selective agent and an an b» to 
pin, bacterial growth. Transgenic plants of the present inven„on may be fertile or 

S,eri ' e ' Regenera,ion can also be ob,ained from plan, callus, ex P lan,s. organs, or parts 
.hereof Such regeneration techniques are described genera.iy in Klee et al Ann 
Z of Plant Pnls. 38: 467-486 (1987). The regeneration o, plants from e,t er s,ng,e 
pian. protoplasts or various explants is well Known in the art. See, for example, 
Mrfw* for Plant Molecular Biology, A. Weissbach and H. Weissbach, eds 
Academic Press, Inc., San Diego, Calif. (1988). This regeneration - 9™* 
process includes the steps of selection o, transformed cells and shoo,s, roo„ng the 
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process includes the steps of selection ol 
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transform shoots and growth of the plantlets in soil. For maize cell culture and 
regeneration see generally, The Maize Handbook, Freeling and Walbot. Eds., 
Springer, New York (1994); Com and Corn Improvement, 3* edition, Sprague and 
Dudley Eds., American Society of Agronomy, Madison, Wisconsin (1988). 

One of skill will recognize that after the recombinant expression cassette ,s 
stably incorporated in transgenic plants and confirmed to be operable, it can be 
introduced into other plants by sexual crossing. Any of a number of standard 
breeding techniques can be used, depending upon the species to be crossed. 

in vegetatively propagated crops, mature transgenic plants can be propagated 
by the taking of cuttings or by tissue culture techniques to produce multiple ident,cal 
p,ants Selection of desirable transgenics is made and new varieties are obtained and 
propagated vegetatively for commercial use. In seed propagated crops, mature 
transgenic plants can be self crossed to produce a homozygous inbred plant. The 
inbred plant produces seed containing the newly introduced heterologous nucle.c 
acid. These seeds can be grown to produce plants that would produce the selected 
phenotype. 

Parts obtained from the regenerated plant, such as flowers, seeds, leaves, 
branches, fruit, and the like are included in the invention, provided that these parts 
comprise cells comprising the isolated nucleic acid of the present invention. Progeny 
and variants, and mutants of the regenerated plants are also included wrthm the 
scope of the invention, provided that these parts comprise the introduced nucleic acd 
sequences. Transgenic plants expressing the selectable marker can be screened 
for transmission of the nucleic acid of the present invention by, for example, standard 
immunoblot and DNA detection techniques. Transgenic lines are also typ.cally 
evaluated on levels of expression of the heterologous nucleic acid. Expression at the 
RNA level can be determined initially to identify and quantitate expression-posrt,ve 
plants Standard techniques for RNA analysis can be employed and include PCR 
amplification assays using oligonucleotide primers designed to amplify only the 
heterologous RNA templates and solution hybridization assays using heterologous 
nucleic acid-specif,c probes. The RNA-positive plants can then analyzed for protein 
expression by Western immunoblot analysis using the specifically reactive antibod,es 
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m Edition in situ hybridization and immunocytochemistry 
of the present mvention. In ^ " ^ Y heiero]og0 us nucleic acid specific 

for the incorporated nucleic acid to identify and select plants with the 

appropriate expression profiles. homozygous for the 

A preferred embodiment is a transgen.c plant that .s homozyg 

, • nri H- i p a transqenic plant that contains two added 
added heterologous nucleic acid, i.e., a transgenic H 

added neiemi y chromosome of a 

invention in a plant. The method comprises mtroducmg mto a plant ce I 
lesion cassette comprising a polynucleotide o, the present ,nven on as 
des" bed above to obtain a transformed plant ce„. cultunng the transformed plant 
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substitution, addition, insertion, or deletion to ^^"^^ 
enzyme See, e.g., Kmiec. U.S. Patent 5,565,350; Zarlmg et a,., PCT/US93/03868. 

promoter sequence is transfected into a plant oell. Subsequently, a plant oell 
5 mp" . e promoter operably linked to a polynucleotide of the presen rnventron 

Southern blot, DNA sequencing, or PGR analysis using pnmers specfic to the 
Iter and to the gene and detecting amplicons produced — * , P an to, 
plant part altered or modified by the foregoing embodiments ,s grown under pi .- 
,0 ^ing conditions for a time sufficient to modulate the concentration and/or 

known in the art and discussed briefly, supra. 

,n general, concentration or the ratios of the polypeptides is ,ncreasec I or 
decrease by a, least 5%, 10 *. 20%, 30%, 40%, 50%, 60%, 70%, 80% or 90% 
15 elaL to a native control plan,, plan, part, or cell lacking the aforementroned 

" —.pressioncassette. "•"^'^tZZ- 
duhng and/or subsequent to growth of the plant to the des.red stage of development. 
M odu ating nucleic acid expression temporally and/or in particular „ssues can e 

?0 of the present invention in, for example, sense or antisense onentatron as drscussed 
i IrdetaiUup.. ,nduc«ionofexpressionofapo,ynuc,eo.ideo„hep,esen, 

' v!2can also be controlled by exogenous administration o, an ef.ec.ve amou 

^cing compound. Inducible promoters and inducing compounds wh.ch aCvate 
expression from these promoters are well known in the art. In preferred 

particularly maize. 
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Lents in the , non-cod,ng or untranslated region p UTR> of the RNA. 
Posftive sequence motifs include translation^ initiation consensus sequences 
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. . v, o-.«-Rl25 (1987)) and the 7-methylguanosine cap structure 
(Kozak, Nude* Ac* Res.15 8125 (W s ^ 

stable intramolecular 5' UTR stem-loop structures ( M ues e a, C^, ^ < 

and AUG sequences or short open reading frames pr ced ^ - 

in the 5' UTR (Kozak, supra, Rao et a/., Mo/, and Cell. B,ol. 8.284 ( 988)). 

the present invention provides „ and,or , untransiated reg,ons tor 
modulation of translation of heterologous coding sequences. 

Further the polypeptide-encoding segments of the po,ynucleot,des of the 

e Jence for expression in maize. Codon usage in the coding regions o he 
at least 1,5, 10, 20, 50, or 100. 
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fmm a copulation of related sequence polynucleotides 
poiynucleotides are gene« , P pu ^ ^ ^ 

============= 

attribute capable of e,ng , ranscriptjonal element, a sequence 

indu depro P e rt ies^ 

element, a protein-binding element, or the l,Ke, such - an Jeatu e 

- * 3 de ° rea n « :;:l ;Zole:«de glrated from sequence 
here in. In other embodiments, a prote.n P V ^ ^ ^ 

shuffling will have a ligand b.nd.ng affmity greatertha 
polynucleotide. Theincreaseinsuchpro P ert,escanbea<least110/., 

140% or at least 1 50% of the wild-type value, 
homologs in other spec.es, genera, fam.l.es, 
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„ „..,h~,i rice or sorghum. Alternatively, a polynucleotide 
Gram/neae spec.es such as wheat, nee, or sorgn 

having a consensus sequence generated from orthologous genes can be used 
dentil or isolate orthologs o, other tax, Typically, a polynucleotide having a 

onsensus sequence wil, he at leas, , 10, 15, 20, J e 

or 20 30 40 50. 100, or 150 nucleotides in length. As those of skill ,n the art are 
la e ' conservative amino acid substitution can be used tor amino acds w,ch 

ZlZtaligned sequence but are from the same conserve substitution 

roup as discussed above. Optionally, no more than 1 or 2 conservative am.no acds 
are substituted for each 10 amino acid length of consensus sequence. 

Similar sequences used for generation o, a consensus or genenc sequence 
include any number and combination of allelic variants of the same gene 
lologous, or paralogous sequences as provided herein. us ing 
sequences used in generating a consensus or generic sequence are denied us.ng 
the BLAST algorithm's smallest sum probability (P(N)). Vanous suppliers of 
seq e^an lysis software are listed in chapter 7 of Current Protocols in tt*«*r 
M. Ausubel - a, Ed,, Current Protocols, a .in, venture between Greene 
Publi Lg Associates, Inc. and John W.ley & Sons, Inc. (Supplement^)). A 
polynucleotide sequence is considered similar to a reference sequence , < ^ 
urn probability in a comparison of the test nucleic acid to the refe. ee nucte acd 
is ,ess than about 0.1 , more preferably less than about 0.01 , or 0.001 , and most 
preferably less than about 0.0001 , or 0.00001 . Similar polynucleotides can be 
Ced and a consensus or generic sequence generated using multiple sequ ce 
a, Lent software available from a number of commercial suppliers such as the 
ZZ Computer Group, (Madison, W„ PILEUP ~ — 
Bethesda, MD, ALIGNX, or Genecode's (Ann Arbor. Ml) SEQUENCHER. 
Conveniently, defauK parameters of such software can be used to generate 
consensus or generic sequences. 
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e2ffiB t^^«onprovidesmachines,datas,ruc,u^ 

modeling or analyzing the polynucleotides and polypeptides of the present invention. 
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.inn a seouence of a polynucleotide of the present .nvent.on 

rhe form of memory of a machine of the present invention or the particular 
ToLtlo, Jcomputer readahle medium is no, a chtica, eiemen, o, the 
invention and can take a variety of forms. 

i compared. Accordingly, the polynucleotides and ^^Z^ 
invention have utility in identifying homologs in animals or other plant spec^ 
;«thos e in,hefa m ily Gra ™ ne aesuchas, b u,no,limitedto,sor g hum. 
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25 amin ° ^ , 0 0M 50, 200, 250, 300, or 400 amino acids in length. 

rr P ;— t - « * «* : 

7 !1 oL the test sequence will be a full-length sequence. Test sequences can 
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rr»^.™i— -7-* rrjr:- 

The reference sequence can be the sequence of a polypept.de or poly 
,eng n As those of sKil, in the art are aware, the greater the sequence 
sequence, the greater the probability that the test sequence w,i, have the 

,„ B seauence identity or similarity between the test sequence and the reference 
ZlHii sequence comparison means are provided for in sequence 
Tall software discussed previously. Optionally, sequence companson ,s 

The results or u.e k Kowntvuaiue <P(N» of less than 0.1, or 

be displayed. Generally, a smallest sum probabrlrty value (P(N» 
alternatively less than 0.01. 0.001, 0.0001, o, 0.00001 usrng the BLAST «* 

rllcted u ing well Known library isolation, cloning, or *, «tro synthe„c 

the function of the candidate homologue can be established oy p 
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Gram /nea, Exempt plants include .size, sorghum, wheat, noe, canola. a„a,,a, 
cotton, and soybean. 
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C Computer Modeling . 

Th e present invention provides a process of modeling/analyzing data 
representative of the sequence a poiynucleotide or polypeptide o, the present 

, . nf thP nresent invention into a machine, man.pulating the data to moae. 

* -contia- 2) identify restriction enzyme sites of a polynucleot.de of the present 

on- 3 dti the products of a T, rihonuclease digestion o, a po,ynucleo„de 

r es— L;:, identify «*P^*«-~?^ 
5 compare two protein or nucleic acid sequences and iden„fy,ng po.nts of «Y 

poiypeptides of the present invention; and, 10) transiate polynu ,eot,de of 
pr el» invention and backtranslate poiypeptides of the present ,nvent,on. 



30 



of ,he present invention in a nucleic acid sample suspected of containing a 
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polynucleotide of the present invention, such as a plan, cel, lysate. P»*** » 
y e of maize. ,n some embodiments, a gene o, the present inven„on or p «*» 
h e o an be amplHied prior to the step o, contacting the nucieic acd samp le w* a 

s he polynuc,eo«de to form a hybridization complex. The polynudeot.de h y br,d,zes 

Formation of the hybridization complex is used to detect a gene e^,n 
oolvoeptide of the present invention in the nucleic acd sample. Those of w,ll 
S that anllated nucieic acid comprising a 
0 invention shouid lack cross-hybndizing sequences in common w,th non-tar et ge es 

^.ouidy.dafalsepositiveresul, ^T^- 
achieved using any number of well known methods. For example, 

sfmple or a portion thereof, may be assayed by hybridization formats ,nc,u .ng but 
nTlild to solution phase, solid phase, mixed phase, or in s«u hybr,d,zat,on 

" detectable labels suitable for use in the present invention include any^ 

nrton detectable by spectroscopic, radioisotopic, photochemical, b,ochem,cal, 

invention include biotin for staining with labeled streptav* con, ga . ma ne 

1 enzyme, Labeling the nucleic acids of the present invent ,s read„y 
achieved such as by the use of labeled PCR primers. 

Although the present invention has been described in some detail by way of 

certain changes and mentions may be practiced within the scope of the 

appended claims. 



30 ixam^l examp|e desaibes , he construction of a cDNA library. 
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Total RNA can be isoiated from maize tissues with TRIzol Reagent (Lite 
Total kna modification of the guanidme 

Technology Inc. Gaithersburg, MD) usmg mo ki and sacchi 

iso,hiocyana.e,aci«^^ 

, • o nnt * <5arrhi N Ana . Biochem. loz, i^i l3U ' " 

re^ ** — " " addi,i0 " ° f ^ T 
phase and an organic phase. The total knm 

is opropy, alcohol from the aqueous has. ^ ^ 

The selection of poly(A) + RNA mm 

PolyATac, system (Promega * , y ^ I on mRNA. The hybrids are 

primers are used to hybrids to the 3 ooly(A) 

Iptured us,ng streptavidin coupled to ^^ ^^L and 
separation stand. The mRNA is then washed at high stnng 

e,u,ed r D r:ri"— 

, *, SuoerScript Plasmid System (Life Technology Inc. 

Transcriptase II at 45 C. The secon elect rophoresis to determine 

and a portion o, the reaction -^J^T* ^ unliga ,ed adapters 
cDNA sizes. cDNA molecules smaller than 500 b p ^ ^ 

are removed by Sephacryl-8400 chromatography. The eiected 
:,ed into pSPORTt vector in between = , and * - ^ 

available For example, the cunas nwy 

^Lg the cDNA libraries in Uni-ZAP™XR vectors -^heUni-ZAP™ 
l„uracture,s P rotoco,(Stra,ageneCloning^ 

» -~ - «— in '° STJ^S: the Plasmid vector 
Stratagene. Upon ^"^"introduced directly into precu, Bluescrip, 
pBluescript. In addition, the cDNAs may be inrro 
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II SKM vectors (Stratagene) using T4 DMA ligase (New England Biolabs). followed 
by transfection into DH10B cells according to the manufacturer's protocol (G1BCO 
BRL Products). Once the cDNA inserts are in plasmid vectors. plasmid DNAs are 
prepared from randomly picked bacterial colonies containing recombinant pBluescnpt 
plasmids. or the insert cDNA sequences are amplified via polymerase chain reaction 
using primers specific for vector sequences flanking the inserted cDNA sequences. 
Amplified insert DNAs or plasmid DNAs are sequenced in dye-primer sequencing 
reactions to generate partial cDNA sequences (expressed sequence tags or "ESTs , 
see Adams ef a/., (1991) Science 252:1651-1656). The resulting ESTs are analyzed 
using a Perkin Elmer Model 377 fluorescent sequencer. 

Fxample 2 

This method describes construction of a full-length enriched cDNA library. 

An enriched full-length cDNA library can be constructed using one of two 
variations of the method of Carninci efai. Genomics 37: 327-336. 1996. These 
variations are based on chemical introduction of a biotin group into the diol residue of 
the 5' cap structure of eukaryotic mRNA to select full-length first strand cDNA. The 
selection occurs by trapping the biotin residue at the cap sites using streptavidin- 
coated magnetic beads followed by RNase I treatment to eliminate incompletely 
synthesized cDNAs. Second strand cDNA is synthesized using established 
procedures such as those provided in Life Technologies' (Rockville, MD) 
"Superscript Plasmid System for cDNA Synthesis and Plasmid Cloning- kit. Libraries 
made by this method have been shown to contain 50% to 70% full-length cDNAs. 

The first strand synthesis methods are detailed below. An asterisk denotes 
that the reagent was obtained from Life Technologies, Inc. 
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A. First strand cDNA synthesis method 1 (with trehalose) 

mRNA (10ug ) 2 M 

*Not I primer (5ug) 
5 *5x 1 st strand buffer 43nl 

*0.1mDTT 20 ^' 

*dNTP mix 10mm 

BSA10ug/^l V 

Trehalose (saturated) 59 - 2 ^ 

10 RNase inhibitor (Promega) 1 .8\i\ 

'Superscript II RT 200u/*il 20^1 
100% glycerol 1 M 

Water 



D 15 



The mRNA and No, I primer are mixed and denatured at 65°C for 10 m^ 

at 45°C for 2 min. Twenty microliters of RT (reverse transonptase) added to 
In and star, program on the thermocyCer <MJ Research. Waitham, MA). 



? o t a 45°C 10min 

"T 20 Step 1 4D ° 

S Step 2 45 ° c -0.3°C/cycle , 2 seconds/cycle 

Step3 go to 2 for 33 cycles 

Step 4 35°C 5min 

Step5 45°C 5min 

25 step6 45°C 0.2°C/cycle, 1 sec/cycle 

Step? goto 7 for 49 cycles 
Step 8 55°C 0.1°C/cycle, 12 sec/cycle 

step9 go to 8 for 49 cycles 

Step 10 55°C 2min 
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Step11 60°C 2min 

Step 12 go to 11 for 9 times 

Step 13 4°C forever 

Step14 end 

B. First strand cDNA synthesis method 2 

mRNA (10|ag) 25 ^' 

water 30 ^' 

*Not I adapter primer (5^g) 1 M 

65°C for 10min, chill on ice, then add following reagents, 

*5x first buffer 20 ^ 
*0.1MDTT 

*10mM dNTP mix 5 ^ 
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lnc uba,e a, 45°C for 2min. then add 10,1 o, 'Superscript II RT (200u,,l). start 



the following program: 

step 1 45 ° c for 6 sec ' -°- 1 ° c/c y cle 

step 2 go to 1 for 99 additional cycles 

Step 3 35°C for 5min 

Step 4 45°C for 60 min 

Step5 50°Cfor10min 

Step 6 4°C forever 

Step 7 end 
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After the 1* strand cDNA synthesis, the DNA is extracted by phenoi according 
t0 standard procedures, and then precipitated in NaOAc and ethanol, and stored ,n - 



20°C. 
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C Oxidization of the diol group ofmRNA forbiotin labeling 

First strand cDNA is spun down and washed once with 70% BOH. The pellet 
suspended in 23.2 ,1 of DEPC treated water and put on ice. Prepare 100 mM of 
Nal04 freshly, and then add the following reagents. 

5 

mRNA:1 st cDNA (start with 20^ig mRNA ) 46.4^1 
1 0OmM Nal04 (freshly made) 2 - 5 ^' 
NaOAc 3M pH4.5 

10 To make 100 mM Nal04, use 21 .39^g of Nal04 for 1^1 of water. 
Wrap the tube in a foil and incubate on ice for 45min. 
After the incubation, the reaction is then precipitated in: 

5M NaCI 10m-I 
15 20%SDS 0.5|il 
isopropanol 6 VI 

Incubate on ice for at least 30 min, then spin it down at max speed at 4°C for 30 min 
and wash once with 70% ethanol and then 80% EtOH. 

} 20 

D Biotinylation of the mRNA diol group 

Resuspend the DNA in 110^1 DEPC treated water, then add the following reagents: 

20% SDS 5 V* 

2MNaOAcpH6.1 5^1 
25 1 0mm biotin hydrazide (freshly made) 300 ^l 

Wrap in a foil and incubate at room temperature overnight. 
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E. RNase I treatment 
Precipitate DNA in: 
5M NaCI 

2M NaOAc pH 6.1 75,1 
biotinylated mRNA:cDNA 420,1 
100%EtOH(2.5Vol) 1262.5,1 

(Perform this precipitation in two tubes and sp, the 420 ,. of DNA into 210 .. each, 
add 5,. of 5M NaCI, 37.5,. of 2M NaOAc pH 6.1 . and 631 .25 ,. of 1 00% EKW 
Store at -20°C for at .east 30 min. Spin the DNA down at 4°C at maxima, speed for 

Pool two tubes and end up with 140 ,l. 
Add the following reagents: 
RNase One 10U/,I 40,l 
15 1 st cDNA.RNA 140.1 

1 0X buffer 20 ^ 

Incubate at 37°C for 15min. 

Add 5,l of 40,g/,l yeast tRNA to each sample for capturing. 

20 F Fu n i en gth 1 st cDNA capturing 
Blocking the beads with yeast tRNA: 

Beads 1ml 
Yeast tRNA 40,g/,l 5,l 

incubate on ice for 30min with mixing, wash 3 times with 1m. of 2M NaCI , 

" 50mm Zs^ the beads in BOO,, of 2M NaC. , 50mm EDTA, P H 3.0, add RNase 
, treated samp.e 200,., and incubate the reaction for 30min at room temperature. 
Capture the beads using the magnetic stand, save the supernatant, and start 

following washes: 
30 2 washes with 2M NaCI , 50mm EDTA, pH 8.0, 1 ml each time, 
1 wash with 0.4% SDS, 50,g/m. tRNA, 

60 



1 wash with 10- Tris-C, pH 7.5, 0.2mm EDTA, 10mm NaCI, 20% glycerol 
1 wash with 50,g/ml tRNA, 
1 wash with 1 st cDNA buffer 

5 G. Second strand cDNA synthesis 
Resuspend the beads in: 
*5X first buffer M 
*0.1mM DTT 

*10mmdNTPmix M 
10 *5X 2nd buffer 6( V 
*E.coliLigase10U/,l 
*E.coli DNA polymerase 10U/,I 8,. 

5 *E. coli RNaseH 2U/,I W 
r| P32dCTP 10nci/ul 2 ^ 

9 15 Or water up to 300,1 208 ^' 

K Incubate at 16°C for 2hr with mixing the reaction in every 30 mm. 

f Add 4,l of T4 DNA polymerase and incubate for additional 5 min at 1 6°C. 

6 Elute 2 nd cDNA from the beads. 

-£ . *k q o nd rnNA from the beads, then resuspend tne 

ri 20 Use a magnetic stand to separate the 2 cDNA from . 

P beads in 200,. of water, and then separate again, pool the samples (about 500,.), 
Add 200 ,. of water to the beads, then 200,. of phenol.ch.oroform, vortex, and sp.n to 
separate the sample with phenol. 

Poo, the DNAtogether (about 700,0 and use phenol to dean .he DNA again, DNA is 
25 then precipitated in 2 W of glycogen and 0.5 vo, o, 7.5M NH40A0 and 2 vo, o, 1 00 A 
EtOH. Precipitate overnight. Spin down the pelle, and wash with 70% BOH, air-dry 
the pellet. 
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DNA 250,, DNA 200,1 

7 5MNH40AC 125,1 7.5M NH40AC 100,1 

100%E,OH 750,, 100%EtOH 600,, 

5 glycogen 1,g/,l 2,, glycogen 1,g/,l 2,, 

H Sal I adapter ligation 

Resuspend the pellet in 26 of water and use 1 ul for TAE gel. 

10 Set up reaction as following: 

2 nd strand cDNA 25 ^' 

*5X T4 DNA ligase buffer 1 Oul 
*Sal I adapters 10|aI 

*T4 DNA ligase 5 ^ 
Mix gently, incubate the reaction at 16°C overnight. 

Add 2,. of ligase second day and incubate at room temperature for 2 hrs (opt.onal). 

upper phase is transferred into a new tube and precipitate in: 
Glycogen 1(ag/nl 
Upper phase DNA 90^1 
7.5M NH40AC 50^1 
100%EtOH 300 ^ 
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precipitate at -20°C overnight 

Spin down the pellet at 4°C and wash in 70% EtOH, dry the pellet. 



/. Nor / digestion 
2 nd cDNA 41 nl 

•Reaction 3 buffer 5ul 
30 *NotM5u/nl 4ul 
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Mix qently and incubate the reaction at 37°C for 2hr. 

r d 50 Jo, water and^O.o.phenC.vo^, and .aKe^oUhe upper p as tea 
new tube, then add 50u, of NH40AC and 300 »l of BOH. Precipitate overn,gh, a. 

-20°C. 

Coning, ,iga.ion. and transformation are performed per the Superscript cDNA 

synthesis kit. 

EMB!E iS example describes cDNA sequencing and library subtraction. 

individual colonies can be picKed and DMA prepared either by PCR w„h M13 
for ward primers and Ml, reverse primers, or by plasmid isolation. cDNA clones can 
be sequenced using M13 reverse prim- ^ ^ 

cDNA libraries are plated out on 22 x 22 cm agarp 
3 000 cdonies per plate. The plates are incubated in a 37«C incubator 
hours Colonies are picked into 384-well plates by a robot colony picker, Q-bot 
(GENETIX Limited,. These plates are incubated overnight at 37«C. Once suffic, t 
olds are picked, they are pinned onto 22 x 22 cm> ny,on membranes us.ng Q-b «. 
rl membrL holds 9 .216 or 36,364 colonies. These membranes a, F aced onto 
an agar plate with an appropriate antibiotic. The plates are incubated a. 37 

""Mar colonies are recovered on the second day, these .Iters are placed on 
f,„er paper prewetted with denaturing solution forfour minutes, then incubated on top 
! a boi ng water bath for an additional four minutes. The filters are then placed o 
er p ai Pitted with neutralizing solution for four minutes. After excess so,„o 

lers is p aced into Proteinase K solution, incubated a, 37»C for 40-50 m.nu,^ 
The Alters are placed on *, filter papers to dry overnight. DNA is then cross-„nked 

to nylon membrane by UV light treatment. „ 1Fnt schEF 
Colony hybridization is conducted as described by Sambrook.X. Fntsch, EF. 
and Maniatis, T., (in Molecular Cloning: A laboratory Manual, 2- Edition,. The 
following probes can be used in colony hybridization: 
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1 . First strand cDNA from the same tissue as the library was made from to 

remove the most redundant clones. 

2. 48-192 most redundant cDNA clones from the same library based on 

previous sequencing data. 

3 1 92 most redundant cDNA clones in the entire maize sequence database. 
A Sa.-A20 oligo nucleotide: TCG ACC CAC GCG TCC GAA AAA AAA AAA 

aaamaVa, removes clones containing a poly A ta " but no cDNA ' 

5 cDNA clones derived from rRNA. 

The image of the autoradiography is scanned into computer and the signal 
intensity and cold colony addresses of each colony is analyzed. Re-arraying of cold- 
colonies from 384 well plates to 96 well plates is conducted usmg Q-bot. 

3 Example 4 

1 This example describes identification of the gene from a computer homology 

i 15 search. . , . 

* c^MSene identities can be determined by conducting BLAST (Bas.c Local 

I AliSnLarch Tool; Altschul, S. F.. e, al.. (1993) J- Ma.. Biol. 2 15 :403-410, see 

■ also www ncLlm.nih.gov/BLAST/) searches under default parameters for s,m,lanty 

O t0 sequences coined in the BLAST V database (comprising all non-redundant 

" GenBank CDS tra V>"^ ^ uences ^ «° m *" 3 - dimensi ° na ' S ™ . 
Brookhaven Pro,ein\«a Bank, the last major release of the SWtSS-PROT orote,n 
sequence database. EwrBL, and DDBJ databases). The cDNA sequences *,e _ _ 
analyzed for similarity to \publicly available DNA sequences contained ,n the nr 
database using the BLAST^Igorithm. The DNA sequences are translated ,n all 
reading frames and comparekr similarity to all publicly available protein sequences 
contained in the TT database u\ng the BLASTX algorithm (Gish, W. and States, D. 
J Nature Genetics 3:266-272 (lfo» provided by the NCB1. In some cases, the 
sequencing data from two or moreWs containing overlapping segments of DNA 
are used to construct contiguous DNA sequences. 

Sequence alignments and percent identity calculations can be performed us.ng 
the Megalign program of the LASERGENE bioinformatics computing surte 
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(DNASTAR inc.. Madison, Wl). Multiple alignment o. the seances « . be 

CABIOS 5151-153) with the default parameters (GAP PENAL . 

Le KT^LE 1 GAP PENALTY=3, W,NDOW=5 and DIAGONALS SAVED* 
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1 he constructed. The cDNA .ragmen, o, this gene may be generated by 
polymerase chain reaction (PGR) o, the cDNA clone using appropriate 
oligonucleotide primers. Cloning sites ( Nco, ^^^^ 

Sl^H on an agarose gel. The appropriate band can be isolated trom 
fhegel and combined with a 4.9 k b Ncol-Sma, .ragmen, o, the plasm, pMLIO* 
Plasmid P ML103 has been deposed under the terms o, the Budapest Treaty a, 
21, Type Culture Collection. 10801 University Blvd., Manassas VA 
2 Ho 2^9 and bears accession number ATCC 97366. The DNA segmen, fro m 
pML103^ontains a 1 .05 kb Sall-Ncol promoter fragment of the ma ' Z& ^ ^ 
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27 kD zein proper, a cDNA fragment encoding the instant polypeptides, and the 

1 0 kD zein 3' region. 

The transgene described above can then be introduced into ma,ze cells by the 
blowing procedure. Immature maize embryos can be dissected fron ^developing 
caryopses derived from crosses o.the inbred maize lines H99 and H 32. The 
embryos are isolated 10 to 1 1 days after pollination when they are 1 .0 to 1 .5 mm 
iong. The emb^os are then placed wKh the axis-side facing dowr . and In, =ontoc 
wtth agarose-soWed N6 medium (Chu etel. (1975) Sci. Si, Pe/ong 18.659-668) , 
The embryos are Kept in the dark at 27X. Friable endogenic callus cons,st,ng of 
undWerel.ed masses of cells with somatic proembryoids and embryoids borne on 
suspensor structures pro,ifera»es from the scutellum of these immature embryos. 
The embryogenic callus isolated from the primary explan, can be cultured on N6 
medium and sub-cultured on this medium every 2 to 3 weeks. 

The plasmid. P 35S/Ac (Hoechst Ag, Frankfurt. Germany) or equ,valen may be 
1S used in transformation experiments in order to provide for a selectable marker. Th.s 
Lid contains the * gene (see European Paten, Publication 0 242 23 wh,ch 
encodes phosphinothricin acetyl transferase (PAT). The enzyme PAT con ers 
resistance to herbicidal glutamine synthetase inhibitors such as phosphmot ncn. 
The pa. gene in P 35S/Ac is under the control of the 35S promoter from Ca-ower 
20 Mosaic Virus (Ode,, e» al. (1985) Nature 313:810-812) and the 3' region of the 
nopaline synthase gene from the T-DNA of the Ti plasmid o, Agrofactenunr, 

'"te particle bombardment method (Klein e, a, (1 987) Mure 327.70-73) may 
be used to transfer genes to the callus culture cells. According to this method, gold 
25 particles (1 urn in diameter) are coated w«h DNA using the following technique. 

Ten ug of plasmid DNAs are added to 50 uL o, a suspension of gold partes ,60 mg 
per mL) Calcium ch,onde (50 uL of a 2.5 M solution) and spermidine free base 
,20 uLof a 1.0 M solution) are added to the particles. The suspension is vortexed 
during the addition of these solutions. After 10 minutes, the tubes are briefly 
30 centrifuged (5 sec at 15,000 rpm) and the supernatant removed. The particles are 
"suspended in 200 uL of abso,u,e ethanol, centred again and the supernatant 
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removed. The ethanol rinse is performed again and the particles resuspended in a 
final volume of 30 uL of ethanol. An aliquot (5 uL) of the DNA-coated gold particles 
can be placed in the center of a Kapton flying disc (Bio-Rad Labs). The particles are 
then accelerated into the maize tissue with a Biolistic PDS-1000/He (Bio-Rad 
5 Instruments, Hercules CA), using a helium pressure of 1000 psi, a gap distance of 
0.5 cm and a flying distance of 1 .0 cm. 

For bombardment, the embryogenic tissue is placed on filter paper over 
agarose-solidified N6 medium. The tissue is arranged as a thin lawn and covers a 
circular area of about 5 cm in diameter. The petri dish containing the tissue can be 
10 placed in the chamber of the PDS-1 000/He approximately 8 cm from the stopping 
screen. The air in the chamber is then evacuated to a vacuum of 28 inches of Hg. 
The macrocarrier is accelerated with a helium shock wave using a rupture membrane 
that bursts when the He pressure in the shock tube reaches 1000 psi. 

Seven days after bombardment the tissue can be transferred to N6 medium that 
15 contains gluphosinate (2 mg per liter) and lacks casein or proline. The tissue 

continues to grow slowly on this medium. After an additional 2 weeks the tissue can 
be transferred to fresh N6 medium containing gluphosinate. After 6 weeks, areas of 
about 1 cm in diameter of actively growing callus can be identified on some of the 
plates containing the glufosinate-supplemented medium. These calli may continue to 
20 grow when sub-cultured on the selective medium. 

Plants can be regenerated from the transgenic callus by first transferring 
clusters of tissue to N6 medium supplemented with 0.2 mg per liter of 2,4-D. After 
two weeks the tissue can be transferred to regeneration medium (Fromm er a/. 
(1990) Bio/Technology 8:833-839). 

25 

Example 6 

This example describes expression of transgenes in dicot cells. 
A seed-specific expression cassette composed of the promoter and transcription 
terminator from the gene encoding the p subunit of the seed storage protein 
30 phaseolin from the bean Phaseolus vulgaris (Doyle ef a/. (1 986) J. Biol. Chem. 

261:9228-9238) can be used for expression of the instant polypeptides in transformed 

67 



# 



soybean The phaseolin cassette includes about 500 nucleotides upstream (5') from 
the translation initiation codon and about 1650 nucleotides downstream (3 1 ) from the 
translation stop codon of phaseolin. Between the 5' and 3' regions are the un.que 
restriction endonuclease sites Nco I (which includes the ATG translation init.at.on 
codon), Smal, Kpnl and Xbal. The entire cassette is flanked by Hind III sites. 

The cDNA fragment of this gene may be generated by polymerase chain 
reaction (PCR) of the cDNA clone using appropriate oligonucleotide primers. Clon.ng 
sites can be incorporated into the oligonucleotides to provide proper orientat.on of the 
DNA fragment when inserted into the expression vector. Amplification is then 
performed as described above, and the isolated fragment is inserted into a pUC18 
vector carrying the seed expression cassette. 

Soybean embryos may then be transformed with the expression vector 
comprising sequences encoding the instant polypeptides. To induce somat.c 
embryos cotyledons, 3-5 mm in length dissected from surface sterilized, .mmature 
seeds of the soybean cultivar A2872, can be cultured in the light or dark at 26°C on 
an appropriate agar medium for 6-10 weeks. Somatic embryos which produce 
secondary embryos are then excised and placed into a suitable liquid medium. After 
repeated selection for clusters of somatic embryos which multiplied as early, globular 
staged embryos, the suspensions are maintained as described below. 

Soybean embryogenic suspension cultures can be maintained in 35 mL l.qu.d 
media on a rotary shaker, 150 rpm, at 26°C with florescent lights on a 16:8 hour 
day/night schedule. Cultures are subcultured every two weeks by inoculat.ng 
approximately 35 mg of tissue into 35 mL of liquid medium. 

Soybean embryogenic suspension cultures may then be transformed by the 
method of particle gun bombardment (Klein et a/. (1987) Nature (London) 327:70-73, 
U.S. Patent No. 4,945,050). A Du Pont Biolistic PDS1000/HE instrument (hel.um 
retrofit) can be used for these transformations. 

A selectable marker gene which can be used to facilitate soybean 
transformation is a transgene composed of the 35S promoter from Cauliflower Mosaic 
Virus (Odell at a/.(1985) Nature 3f 3:810-812), the hygromycin phosphotransferase 
gene from plasmid pJR225 (from E. cCi; Gritz et a/.(1983) Gene 25:179-188) and the 
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3' region of the nopaline synthase gene from the T-DNA of the Ti plasmid of 
Agrobacterium tumefaciens. The seed expression cassette comprising the 
phaseolin 5' region, the fragment encoding the instant polypeptides and the phaseol.n 
3' region can be isolated as a restriction fragment. This fragment can then be 
inserted into a unique restriction site of the vector carrying the marker gene. 

To 50 of a 60 mg/mL 1 m gold particle suspension is added (in order): 5^L 
DMA (1 ng«, 20 nl spermidine (0.1 M), and 50 CaCI 2 (2.5 M). The particle 
preparation is then agitated for three minutes, spun in a microfuge for 10 seconds 
and the supernatant removed. The DNA-coated particles are then washed once .n 
400 70% ethanol and resuspended in 40 \iL of anhydrous ethanol. The 
DNA/particle suspension can be sonicated three times for one second each. Five 
microliters of the DNA-coated gold particles are then loaded on each macro earner 

disk. . 
Approximately 300-400 mg of a two-week-old suspension culture is placed .n an 

empty 60x15 mm petri dish and the residual liquid removed from the tissue with a 

pipette For each transformation experiment, approximately 5-1 0 plates of tissue are 

normally bombarded. Membrane rupture pressure is set at 1 100 psi and the chamber 

is evacuated to a vacuum of 28 inches mercury. The tissue is placed approximately 

3 5 inches away from the retaining screen and bombarded three times. Following 

bombardment, the tissue can be divided in half and placed back into liquid and 

cultured as described above. 

Five to seven days post bombardment, the liquid media may be exchanged with 
fresh media, and eleven to twelve days post bombardment with fresh media 
containing 50 mg/mL hygromycin. This selective media can be refreshed weekly. 
Seven to eight weeks post bombardment, green, transformed tissue may be 
observed growing from untransformed, necrotic embryogenic clusters. Isolated green 
tissue is removed and inoculated into individual flasks to generate new, clonally 
propagated, transformed embryogenic suspension cultures. Each new line may be 
treated as an independent transformation event. These suspensions can then be 
subcultured and maintained as clusters of immature embryos or regenerated into 
whole plants by maturation and germination of individual somatic embryos. 
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Example 7 

This example describes expression of a transgene in microbial cells. 

The cDNAs encoding the instant polypeptides can be inserted into the T7 £ . coH 
expression vector pBT430. This vector is a derivative of pET-3a (Rosenberg etsi 
(198 7) Gene 56.25-135) which employs the bacteriophage T7 RNA polymerase^ 
promoter system. Plasmid pBT430 was constructed by first destroying the EcoR 
and Hind II, sites in pET-3a attheir original positions. An "'^nucleotide adaptor 
containing EcoR I and Hind 111 sites was inserted at the BamH I sKe of pET- a. Th. 
created pET-3aM with additional unique cloning sites for insert™ of genes ,nto the 
expression vector. Then, the Nde I s*e a, the position of translation initiafion was 
converted to an Noo I site using oligonucleotide-directed jn 
sequence o, pET-3aM in this region, 5-CATATGG. was converted to 5-CCCATGG 

5 ^pLid DNA containing a cDNA may be appropriately digested to release a 
nucleic acid .ragmen, encoding the protein. This fragment may then be pu fied on a 
1% NuSieve GTG low melting agarose gel (FMC). Buffer and agarose contain 
1 0 ug/ml ethidium bromide for visualization of the DNA fragment. The fragment can 
0 then be purified from the agarose gel by digestion with GELase (Epicentre 

Technologies) according to the manufacturer's instructions, ethane, predated, 

ed and .suspended in 20 uL of water. Appropriate oligonucleotide adapters may 
be ligated to the fragment using T4 DNA iigase (New England Bioiabs, Beverly. MA). 
The fragment containing the ligated adapters can be purified from the excess 
25 adapters using low melting agarose as described above. The vector P BT430 ,s 

digested dephosphoryiated with aMine phosphatase (NEB) and deprotemized w h 
helchloroforn, as described above. The prepared vector P BT430 and fragment 
can then be ligated at 16°C for 15 hours followed by transformation ,n,o DH5 
electrocompeten, cells (GIBCO BRL). Transformants can be selected on agar plates 
30 containing LB media and 100 ug/mL ampicillin. Transformants containing the gene 
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encoding the instant polypeptides are then screened for the correct orientation with 
respect to the T7 promoter by restriction enzyme analysis. 

For high level expression, a plasmid clone with the cDNA insert in the correct 
orientation relative to the T7 promoter can be transformed into E. coli strain 
BL2KDE3) (Studier et al. (1986) J. Mol. Biol. 189:1 13-130). Cultures are grown .n LB 
medium containing ampicillin (100 mg/L) at 25X. At an optical density at 600 nm of 
approximately 1, IPTG (isopropylthio-p-galactoside, the inducer) can be added to a 
final concentration of 0.4 mM and incubation can be continued for 3 h at 25°. Cells 
are then harvested by centrifugation and re-suspended in 50 uL of 50 mM Tris-HCI at 
p H 8 0 containing 0.1 mM DTT and 0.2 mM phenyl methylsulfonyl fluoride. A small 
amount of 1 mm glass beads can be added and the mixture sonicated 3 times for 
about 5 seconds each time with a microprobe sonicator. The mixture is centnfuged 
and the protein concentration of the supernatant determined. One microgram of 
protein from the soluble fraction of the culture can be separated by SDS- 
polyacrylamide gel electrophoresis. Gels can be observed for protein bands 
migrating at the expected molecular weight. 

The above examples are provided to illustrate the invention but not to limit its 
scope Other variants of the invention will be readily apparent to one of ordinary skill 
in the art and are encompassed by the appended claims. All publications, patents, 
patent applications, and computer programs cited herein are hereby incorporated by 
reference. 



71 



